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IMPORTANCE of GATE .

GATE examination has been emerging as one of the most prestigious competitive exam for engineers.
Earlier it was considered to be an exam just for eligibility for pursuing PG courses, but now GATE exam
has gained a lot of attention of students as this exam open an ocean of possibilities like :

1.

Note :

Admission into lISc, IITs, llITs, NITs

A good GATE score is helpful for getting admission into lISc, lITs, llITs, NITs and many other

renowned institutions for M.Tech./M.E./M.S. An M.Tech graduate has a number of career

opportunities in research fields and education industries. Students get ¥ 12,400 per month as
stipend during their course.

Selection in various Public Sector Undertakings (PSUs)

A good GATE score is helpful for getting job in government-owned corporations termed

as Public Sector Undertakings (PSUs) in India like IOCL, BHEL, NTPC, BARC, ONGC, PGCIL, DVC,

HPCL, GAIL, SAIL & many more.

Direct recruitment to Group A level posts in Central government, i.e., Senior Field Officer (Tele),

Senior Research Officer (Crypto) and Senior Research Officer (S&T) in Cabinet Secretariat,

Government of India, is now being carried out on the basis of GATE score.

Foreign universities through GATE

GATE has crossed the boundaries to become an international level test for entry into

postgraduate engineering programmes in abroad. Some institutes in two countries Singapore

and Germany are known to accept GATE score for admission to their PG engineering
programmes.

National Institute of Industrial Engg. (NITIE)

e NITIE offers PGDIE / PGDMM / PGDPM on the basis of GATE scores. The shortlisted
candidates are then called for Group Discussion and Personal Interview rounds.

e NITIE offers a Doctoral Level Fellowship Programme recognized by Ministry of HRD
(MHRD) as equivalent to Ph.D. of any Indian University.

e  Regular full time candidates those who will qualify for the financial assistance will receive
% 25,000 during 1st and 2nd year of the Fellowship programme and ¥ 28,000 during 3rd,
4th and 5th year of the Fellowship programme as per MHRD guidelines.

Ph.D. in lISc/ lITs

e |ISc and IITs take admissions for Ph.D. on the basis of GATE score.

e Earn a Ph.D. degree directly after Bachelor’s degree through integrated programme.

e Afulltime residential researcher (RR) programme.

Fellowship Program in management (FPM)

e  Enrolment through GATE score card

Stipend of ¥ 22,000 — 30,000 per month + HRA

It is a fellowship program

e Application form is generally available in month of Sept. and Oct.

In near future, hopefully GATE exam will become a mandatory exit test for all engineering

students, so take this exam seriously. Best of LUCK !



. GATE Exam Pattern .
Section Question No. No. of Questions Marks Per Question Total Marks
1to5 5 1 5
General Aptitude
6 to 10 5 2 10
Technical 1to 25 25 1 25
+
Engineering 26 to 55 30 2 60
Mathematics
Total Duration : 3 hours Total Questions : 65 Total Marks : 100
Note :
(i) 40 to 45 marks will be allotted to Numerical Answer Type Questions.
(ii) MSQ also added from GATE 2021 for which no negative marking.

Pattern of Questions :
GATE 2021 would contain questions of THREE different types in all the papers :

(i)

(i)

(iif)

Multiple Choice Questions (MCQ) carrying 1 or 2 marks each, in all the papers and sections. These
guestions are objective in nature, and each will have choice of four answers, out of which ONLY
ONE choice is correct.

Negative Marking for Wrong Answers : For a wrong answer chosen in a MCQ, there will be negative
marking. For 1-mark MCQ, 1/3 mark will be deducted for a wrong answer. Likewise, for 2-mark
MCQ, 2/3 mark will be deducted for a wrong answer.

Multiple Select Questions (MSQ) carrying 1 or 2 marks each in all the papers and sections. These
guestions are objective in nature, and each will have choice of four answers, out of which ONE or
MORE than ONE choice(s) are correct.

Note : There is NO negative marking for a wrong answer in MSQ questions. However, there is NO
partial credit for choosing partially correct combinations of choices or any single wrong choice.
Numerical Answer Type (NAT) Questions carrying 1 or 2 marks each in most of the papers and
sections. For these questions, the answer is a signed real number, which needs to be entered by
the candidate using the virtual numeric keypad on the monitor (keyboard of the computer will be
disabled). No choices will be shown for these types of questions. The answer can be a number such
as 10 or -10 (an integer only). The answer may be in decimals as well, for example, 10.1 (one
decimal) or 10.01 (two decimals) or -10.001 (three decimals). These questions will be mentioned
with, up to which decimal places, the candidates need to present the answer. Also, for some NAT
type problems an appropriate range will be considered while evaluating these questions so that the
candidate is not unduly penalized due to the usual round-off errors. Candidates are advised to do
the rounding off at the end of the calculation (not in between steps). Wherever required and
possible, it is better to give NAT answer up to a maximum of three decimal places.

Example : If the wire diameter of a compressive helical spring is increased by 2%, the change in
spring stiffness (in %) is _ (correct to two decimal places).

Note : There is NO negative marking for a wrong answer in NAT questions.

Also, there is NO partial credit in NAT questions.



. What is special about this book ? .

GATE ACADEMY Team took several years to come up with the solutions of GATE examination. It is
because we strongly believe in quality. We have significantly prepared each and every solution of the
guestions appeared in GATE, and many individuals from the community have taken time out to proof
read and improve the quality of solutions, so that it becomes very lucid for the readers. Some of the
key features of this book are as under :

& This book gives complete analysis of questions chapter wise as well as year wise.

& Video Solution of important conceptual questions has been given in the form of QR code and
by scanning QR code one can see the video solution of the given question.

& Solutions has been presented in lucid and understandable language for an average student.

& In addition to the GATE syllabus, the book includes the nomenclature of chapters according to
text books for easy reference.

& Last but not the least, author's 10 years experience and devotion in preparation of these
solutions.

& Steps to Open Video solution through mobile.

4 ) 4 )
ar code] IE%IE‘IJ QR Reader App
iy |
qr code scanner B
qr code reader Downloading & Installing 35%
. J . J
(1) Search for QR Code scanner (2) Download & Install any
in Google Play / App Store. QR Code Scanner App.
s N\ ( A
[ —
can for joro)
[ iideofSqutinn g;iﬁ
\_ Y, \ J
(3) Scan the given QR Code (4) Visit the link generated & you’ll
for particular question. be redirect to the video solution.

Note : For recent updates regarding minor changes in this book, visit -
www.gateacademy.co.in. We are always ready to appreciate and help you.




B GATE SYLLABUS ]

Electronics & Communication (EC) :
Linear Algebra: Vector space, basis, linear dependence and independence, matrix algebra,
eigenvalues and eigenvectors, rank, solution of linear equations- existence and uniqueness.
Calculus: Mean value theorems, theorems of integral calculus, evaluation of definite and
improper integrals, partial derivatives, maxima and minima, multiple integrals, line, surface and
volume integrals, Taylor series. Differential Equations: First order equations (linear and
nonlinear), higher order linear differential equations, Cauchy's and Euler's equations, methods
of solution using variation of parameters, complementary function and particular integral,
partial differential equations, variable separable method, initial and boundary value problems.
Vector Analysis: Vectors in plane and space, vector operations, gradient, divergence and curl,
Gauss's, Green's and Stokes’ theorems. Complex Analysis: Analytic functions, Cauchy’s integral
theorem, Cauchy’s integral formula, sequences, series, convergence tests, Taylor and Laurent
series, residue theorem. Probability and Statistics: Mean, median, mode, standard deviation,
combinatorial probability, probability distributions, binomial distribution, Poisson distribution,
exponential distribution, normal distribution, joint and conditional probability.

Electrical Engineering (EE) :
Linear Algebra: Matrix Algebra, Systems of linear equations, Eigenvalues, Eigenvectors.
Calculus: Mean value theorems, Theorems of integral calculus, Evaluation of definite and
improper integrals, Partial Derivatives, Maxima and minima, Multiple integrals, Fourier series,
Vector identities, Directional derivatives, Line integral, Surface integral, Volume integral,
Stokes’s theorem, Gauss’s theorem, Divergence theorem, Green’s theorem. Differential
equations: First order equations (linear and nonlinear), Higher order linear differential
equations with constant coefficients, Method of variation of parameters, Cauchy’s equation,
Euler’s equation, Initial and boundary value problems, Partial Differential Equations, Method
of separation of variables. Complex variables: Analytic functions, Cauchy’s integral theorem,
Cauchy’s integral formula, Taylor series, Laurent series, Residue theorem, Solution integrals.
Probability and Statistics: Sampling theorems, Conditional probability, Mean, Median, Mode,
Standard Deviation, Random variables, Discrete and Continuous distributions, Poisson
distribution, Normal distribution, Binomial distribution, Correlation analysis, Regression
analysis.

Mechanical Engineering (ME) :
Linear Algebra: Matrix algebra, systems of linear equations, eigenvalues and eigenvectors.
Calculus: Functions of single variable, limit, continuity and differentiability, mean value
theorems, indeterminate forms; evaluation of definite and improper integrals; double and
triple integrals; partial derivatives, total derivative, Taylor series (in one and two variables),
maxima and minima, Fourier series; gradient, divergence and curl, vector identities, directional



derivatives, line, surface and volume integrals, applications of Gauss, Stokes and Green’s
theorems. Differential equations: First order equations (linear and nonlinear); higher order
linear differential equations with constant coefficients; Euler-Cauchy equation; initial and
boundary value problems; Laplace transforms; solutions of heat, wave and Laplace's equations.
Complex variables: Analytic functions; Cauchy-Riemann equations; Cauchy’s integral theorem
and integral formula; Taylor and Laurent series. Probability and Statistics: Definitions of
probability, sampling theorems, conditional probability; mean, median, mode and standard
deviation; random variables, binomial, Poisson and normal distributions. Numerical Methods:
Numerical solutions of linear and non-linear algebraic equations; integration by trapezoidal and
Simpson’s rules; single and multi-step methods for differential equations.
Civil Engineering (CE) :
Linear Algebra: Matrix algebra; Systems of linear equations; Eigen values and Eigen vectors.
Calculus: Functions of single variable; Limit, continuity and differentiability; Mean value
theorems, local maxima and minima; Taylor series; Evaluation of definite and indefinite
integrals, application of definite integral to obtain area and volume; Partial derivatives; Total
derivative; Gradient, Divergence and Curl, Vector identities; Directional derivatives; Line,
Surface and Volume integrals. Ordinary Differential Equation (ODE): First order (linear and
non-linear) equations; higher order linear equations with constant coefficients; Euler-Cauchy
equations; initial and boundary value problems. Partial Differential Equation (PDE): Fourier
series; separation of variables; solutions of one- dimensional diffusion equation; first and
second order one-dimensional wave equation and two-dimensional Laplace equation.
Probability and Statistics: Sampling theorems; Conditional probability; Descriptive statistics —
Mean, median, mode and standard deviation; Random Variables — Discrete and Continuous,
Poisson and Normal Distribution; Linear regression. Numerical Methods: Error analysis.
Numerical solutions of linear and non-linear algebraic equations; Newton’s and Lagrange
polynomials; numerical differentiation; Integration by trapezoidal and Simpson’s rule; Single
and multi-step methods for first order differential equations.
Instrumentation Engineering (IN) :

Linear Algebra: Matrix algebra, systems of linear equations, consistency and rank, Eigen value
and Eigen vectors. Calculus: Mean value theorems, theorems of integral calculus, partial
derivatives, maxima and minima, multiple integrals, Fourier series, vector identities, line,
surface and volume integrals, Stokes, Gauss and Green’s theorems. Differential equations:
First order equation (linear and nonlinear), second order linear differential equations with
constant coefficients, method of variation of parameters, Cauchy’s and Euler’s equations, initial
and boundary value problems, solution of partial differential equations: variable separable
method. Analysis of complex variables: Analytic functions, Cauchy’s integral theorem and
integral formula, Taylor’'s and Laurent’s series, residue theorem, solution of integrals.



Probability and Statistics: Sampling theorems, conditional probability, mean, median, mode,
standard deviation and variance; random variables: discrete and continuous distributions:
normal, Poisson and binomial distributions. Numerical Methods: Matrix inversion, solutions of
non-linear algebraic equations, iterative methods for solving differential equations, numerical
integration, regression and correlation analysis.

Chemical Engineering (CH) :
Linear Algebra: Matrix algebra, Systems of linear equations, Eigen values and eigenvectors.
Calculus: Functions of single variable, Limit, continuity and differentiability, Taylor series, Mean
value theorems, Evaluation of definite and improper integrals, Partial derivatives, Total
derivative, Maxima and minima, Gradient, Divergence and Curl, Vector identities, Directional
derivatives, Line, Surface and Volume integrals, Stokes, Gauss and Green’s theorems.
Differential equations: First order equations (linear and nonlinear), Higher order linear
differential equations with constant coefficients, Cauchy’s and Euler’s equations, Initial and
boundary value problems, Laplace transforms, Solutions of one dimensional heat and wave
equations and Laplace equation. Complex variables: Complex number, polar form of complex
number, triangle inequality. Probability and Statistics: Definitions of probability and sampling
theorems, Conditional probability, Mean, median, mode and standard deviation, Random
variables, Poisson, Normal and Binomial distributions, Linear regression analysis. Numerical
Methods: Numerical solutions of linear and non-linear algebraic equations. Integration by
trapezoidal and Simpson’s rule. Single and multi-step methods for numerical solution of
differential equations.

Production and Industrial Engineering (PI) :
Linear Algebra: Matrix algebra, Systems of linear equations, Eigen values and Eigen vectors.
Calculus: Functions of single variable, Limit, continuity and differentiability, Mean value
theorems, Evaluation of definite and improper integrals, Partial derivatives, Total derivative,
Maxima and minima, Gradient, Divergence and Curl, Vector identities, Directional derivatives;
Line, Surface and Volume integrals; Stokes, Gauss and Green’s theorems. Differential
Equations: First order equations (linear and nonlinear), Higher order linear differential
equations with constant coefficients, Cauchy’s and Euler’s equations, Initial and boundary
value problems, Laplace transforms. Complex Variables: Analytic functions, Cauchy’s integral
theorem, Taylor series. Probability and Statistics: Definitions of probability and sampling
theorems, Conditional probability, Mean, median, mode and standard deviation, Linear
regression, Random variables, Poisson, normal, binomial and exponential distributions.
Numerical Methods: Numerical solutions of linear and nonlinear algebraic equations,
Integration by trapezoidal and Simpson’s rules, Single and multi-step methods for differential
equations.



. ESE SYLLABUS .

Electrical Engineering (EE) :

Matrix theory, Eigen values & Eigen vectors, system of linear equations, Numerical methods
for solution of non-linear algebraic equations and differential equations, integral calculus,
partial derivatives, maxima and minima, Line, Surface and Volume Integrals. Fourier series,
linear, non-linear and partial differential equations, initial and boundary value problems,
complex variables, Taylor's and Laurent’s series, residue theorem, probability and statistics
fundamentals, Sampling theorem, random variables, Normal and Poisson distributions,
correlation and regression analysis.



B PREFACE ]

It is our pleasure, that we insist on presenting “Engineering Mathematics” authored for
GATE 2022 to all of the aspirants and career seekers. The prime objective of this book is to respond
to tremendous amount of ever growing demand for error free, flawless and succinct but
conceptually empowered solutions to all the question over the period 1993 - 2021.

This book serves to the best supplement the texts for GATE 2022 (CE/CH/EC/EE/IN/ME/PI)
but shall be useful to a larger extent for other discipline as well.

Simultaneously having its salient features the book comprises :

Step by step solution to all questions.

Complete analysis of questions, i.e. chapter wise as well as year wise.
Detailed explanation of all the questions.

Solutions are presented in simple and easily understandable language.
Video solutions available for good questions.

It covers all GATE questions from 1993 to 2021 (29 years).

The authors do not sense any deficit in believing that this title will in many aspects, be different

EEEEEE

from the similar titles within the search of student.

We would like to express our sincere appreciation to Mrs. Sakshi Dhande Mam
(Co-Director, GATE ACADEMY Learning Pvt. Ltd.) for her constant support and constructive
suggestions and comments in reviewing the script.

In particular, we wish to thank GATE ACADEMY expert team members for their hard work
and consistency while designing the script.

The final manuscript has been prepared with utmost care. However, going a line that, there
is always room for improvement in anything done, we would welcome and greatly appreciate the
suggestions and corrections for further improvement.

GATE ACADEMY
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(Director, GATE ACADEMY Learning Pvt. Ltd.)
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A

» |tis best offline mode of video course.

» Dedicated discussion and doubt portal managed
by our faculties.

» Complete packaged course with all reading content
and Online Test Series.

» Ready to ship course, It will be shipped to you within 2 days of

ordering.

Tablet Course

» Tablet course will be delivered through Samsung
Galaxy Tab A (WiFi only).

» All GATE ACADEMY apps will come pre loaded.

» Tablet will be controlled by our team for the course duration.

« After course duration the tablet will be made open for your use.

* The Course content will be exactly same as VOD course but you do

not need Internet connection to play the video (as it is an offline

course

For Doubt and Discussion you need to download GATE ACADEMY
learning app, Subject matter expert/ faculty will be there to solve your query

A DEDICATED TECH TEAM TO SOLVE TECH QUERIES AND HANDLE TECHNICAL ISSUES.
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ACADEMY Learning App.
« All reading content will be provided within the App only.

* Dedicated discussion and doubt portal managed by our faculties.

Live Classroom Program
—

* Online Live Classroom program by team GATE
Academy, the exact feel of offline Classroom by
being in your comfort zone.

* Available only on Android app (Gate Academy Live)

* You can also watch it after live class as video on demand within
your given and limited watch time.

* You can ask anything, a doubt clearing session with chat box
during the class.

* All reading content will be provided within the live app only.

For Doubt and Discussion you need to download CATE ACADEMY
learning app, Subject matter expert/ faculty will be there to solve your query

A DEDICATED TECH TEAM TO SOLVE TECH QUERIES AND HANDLE TECHNICAL ISSUES.



=
Integral &
Differential Calculus

Introduction

(i) The word calculus comes from Latin meaning “small stone”. Because it is like understanding
something by looking at small pieces.

(i) Differential Calculus cuts something into small pieces to find how it changes.

(ii1) Integral Calculus joins (integrates) the small pieces together to find how much there is.

Some Useful Formulae for Differentiation

1. %(0) = 0 ; ¢ = Constant 11. di(cotx)z —cosec’x
2. j—x(x): 1 12. di(cosecx )= —cosecxcotx
d ny _— n-1 i _
3. E(x )= nx 13. I (secx)=secxtan x
d X X i -1 = 1
4. E(e )=e 14. dx(sm x) =
d x_ x icos‘lx ——
5. 4 = log,a 15. dx( ) 52
d 1 d ] 1
—_— — (tan =
6. - (logx)= . 16. dx( x) T
d 1 d 4 -1
— — —1|cot =
o gemsebene m glecen
8 i(sin x)=cosx 18 i(sec_1 x)= 1
) dx ) dx xJx? -1
d g 4 (coseclx)= ——1
9. dx(cosx) sin x 19. dx( ) Y e
d 2 d _ 1
10. E(tanx)— sec® x 20 dx(\/})_—Z\/;
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3.2

| Engineering Mathematics

GATE ACADEMY ®

Definite Integration

Some useful properties of Definite Integrals

L[, f@de=[FOL = F(b)-Fla)

2. j : F(x)dx=0

Even function

0Odd function

3. I:[f(x)ig(X)]dx=j:f(x)dxij:g(x)dx

4. | fede=|" f@ar

5. [ Feode==[ foux

6. [ fdx=["fdv+[ fxdx wherea<c<b

7. [ fdr =] fla—xdx

. [ f<x>dx:{2f S iff(-x) = £ (0);
0, iff(=x) ==/ (x);

0. [ fixe= {4: £ (x)dx, itf(2a—x) = f(x)

0,
10. 0"” F(x)dx = nj: F(x)dx

1

[a—

[ r@de=]" fa+b-x)dx

b—a
2

1

e

[xreoar=""2]" f(x)ax

12. [ fhade=/"g- g g

iffLa—x)=—f(x)
if f(x)=f(x+a)

if fla+b-x)=f(x)

...... (-1)" j fa'dx

[Generalized form of integration by parts]

Some Useful Formulas for Integration

Algebraic Functions

1
—dx=1 +C
1. [kav=ke+C 4. J3#=he)
{for positive values of x only}
n+l
2. [x dx="—+C 5. [——dv=Zin(ax+b) +C
n+1 ax+b a

© Copyright

Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176

www.gateacademy.co.in

Branch Office : Raipur e : 79743-90037, Bhopal e : 83198-88401

www. Eiacebook.com/gateacademy




GATE ACADEMY ® Integral & Differential Calculus 3.3
n+l
J-(ax +b)"dx = M+
3. a(n+1)
(for n#-1)
Exponential Functions
1. Ie"dxze"+C 2. Iaxdxz ¢ iC
Ina
Logarithms Functions
1. Ilnxdx=xlnx—x+C 2. .[logaxdx=xlogax— +C
loga

Trigonometric Functions
1. Isinxdx=—cosx+C 2. Icosxdx=sinx+C
Itanxdx=—ln(cosx)+C .
3. 4. Icotxdx =In(sinx)+C
=In(secx)+C
J. secxdx =In(secx+tanx)+C I cosec x dx = —In(cosec x+ cotx)+C
5. 6.
:logtan(£+£j+c =logtanf
4 2 2
7. J.sec2 xdx=tanx+C 8. Icoseczx dx=—-cotx+C
9. Isecxtanxdxzsecx+C 10. Icosecxcotxdx=—cosecx+C
Inverse of trigonometric Functions
dx 1 x) -1 X
1. dx—sm 1—+C 2. =—tan ' Z |=—cot™'| =
J. Ja? J. a+x’ a a a a
1 ( j dx 1 a+x 1 X
. :—sec +C 4. =—7Io =—tanh™' (—j
3 J.x\/x —-a’ '[aZ—x2 2a g(a—x] a a
: d. 1 -
5. _[\/)cz—azdxzfxlxz—az—a—cosh‘1 il 6. .[ - al - log(x aj
2 2 a X —a 2a x+a
7. J.;dlen(x+\/x2+a2)+(7 8. J;dlen(x+\/x2—a2)+(7
VX' +a’ VX' —a’
2 2
9. J‘\/a2+x2dx=§«/(a2+x2)+%sinhl(ij 10. JVaz—xzd =§\/(a2—x2)+%sinl(£j
a a
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GATE ACADEMY ®

3.4 | Engineering Mathematics
Hyperbolic Functions
1. [ sinh xdix = cosh x+C 4. [ cosechxdx =1n (tanh%) +C
2. j cosh xdx =sinh x+C 5. J sech xdx = tan”' (sinh x) + C
3. [ tanh xdx = In (cosh x)+C 6. [ coth xdx = In (sinh x) + C

Composed Functions

ax

1. je sin bx dx = —— (asinbx—bcoshx)+C

ax

e” cosbx dx = ———(acosbx+bsinbx)+C
a +b

a +b

(asin ax cosh bx +bcosaxsinh bx)+C

J
3. Jcosaxcoshbxdxz 21 >
J

sin ax cosh bx dx = ——
a +b

(bsin axsinh bx —a cos axcoshbx)+C

Some Important Results of Definite Integrals

1. Jm\/;e’xdle\/g 2.
0 2

o 2 1
Ioe dxzag

T T

J. 02 sin” xdx = J. 02 cos” xdx

_ (n—=1)(n-3)..... Xg(orle
3. n(n—-2)(n—-4)..... 3 2 4
T .
—, ifniseven
where, K =42
1, Otherwise

T
.[02 sin” x cos” xdx

_ (m-1)(m=3)....(n—1)(n-3)..... K
(m+n)(m+n-=2).....

if mand n iseven

2

r
where, K =42
1, Otherwise

Special Functions (Gamma and Beta Functions)

Gamma Function

Gamma function denoted by I'(#) is defined by the improper integral which is dependent on the

parameter 7,

I(n) = I: et"dt, (n>0)
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GATE ACADEMY ® Integral & Differential Calculus | 3.5

Key Point

Standard results of Gamma function :
. 1 ..
(i) F(Ej =n ()  T(n)=(n-1)!
nl'(n), if n isany fraction .
(i) T(n+1y=)™ () inisany (iv) r(—l) -2
n!, if n isaninteger 2

Beta Function
Beta function B(m,n) defined by

B(m,n) = J-; x"'(1=x)""dx, (m>0,n>0)

Key Point

Standard results of Gamma function :

. _I'(m)I'(n)
(1) B(man)_ F(m+n)
F(m+1jr(n+lj

y L 2 2
(ii) _[0 sin” cos” x.dx = 2F(m+n+2)

2

1_(n+1j
L _lafn+1 1 2 T
(iii) IO sin xdx—zﬁ( 5 ’2) N

: 1,1 n+l ( 21) T
5 n
i 2cos" xde=—Bl = = A
(iv) Io cos” xdx B( , j

Application of Definite Integral (Area, Length and Volume)

Applications Formula
X V2
Cartesian form I I dydx
XN
Area or Quadrature
2
B r
Polar form » = f(0) _[ —d0 or Hrdrdﬁ
a 2
S
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2
Cartesian form y = f(x) jb 1+ (;{—yj } dx
X

Length of Curve

2
Polar form » = f(0) IB r? +(%} } do

b
Volume revolved by x - axis L 7 y*(x)dx

b
Volume revolved by y - axis, L nx*(y)dy

Volume of Revolution BT ‘
About the initial line (6=0) | [ ?P sin0do

About the line (9 = E] IBz—nr3 cos0d0
2 o 3

Cartesian: IH dxdydz
Vv

Triple integral Arieal-
Volume as Double and fipie hicgta Cylindrical: .[.U rdrdfdz
Linfplp ivizrgee| Spherical : ”J. r* sin 0drd0d ¢
Double integral H J(x, y)dx dy

s

Key point

Area bounded by the curve y = f(x) in the x-axis ordinates x=a and x =5 is,

["yde=]" fxydx

x3
X3
X3
X3

L)
L)
L)
L)
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GATE ACADEMY ® Integral & Differential Calculus 3.7
Electronics & Communication : EC (A)is — 1.
(B)is 0.
21115 IIT Bombay .
(O)is 1.

3.1 The value of the

I= ﬁj‘: exp (—?xzj dx is
(A)1 B)=w
(©)2 (D)2mw

211158 1IT Kharagpur

3.2 The integral Ion sin’ 0d0 is given by

integral

1 2
(A) 5 (B) 3

4 8
© 3 (D) 3

7Allr4  1IT Kanpur

3.3  The following plot shows a function y
which varies linearly with x. The value of

2
the integral / :J.1 ydx is

Ya

/1
: : —» X

1 o 1 2 3
(A)1.0 (B)2.5
(C)4.0 (D)5.0

vA)l11:58  1ISc Bangalore

34 Consider points P and Q in the x-y plane,
with P=(1,0) and Q=(0,1). The line

(D)depends on the direction (Clockwise
or anti-clockwise) of the semicircle.

3.5  The value of the integral of the function
g(x,y)=4x’+10y" along the straight
line segment from the point (0, 0) to the
point (1, 2) in the x-y plane is
(A)33 (B)35
(C)40 (D)56

v 58 IIT Guwahati

3.6  The integral

j_ e? dx is equal to

r

1 1
(A) 5 (B) 7
©)1 (D)
IIT Kharagpur
3.7 The volume wunder the surface

z(x,y)=x+y and above the triangle is
the x-y plane defined by {0< y<x and

0<x<I12}is [Set - 01]
2155 1IT Kanpur
3.8  The value of the integral
j 12 cos(2mr) AT Sm(‘”“ )t is
[Set - 02]

3.9  The contour on the xy plane, where the
partial derivative of x*+ y* with respect

to y is equal to the partial derivative of

) 0 6y +4x with respect to x is  [Set - 03]
integral 2J. (xdx+ydy) along the
. y : : (A) y=2 (B) x=2
semicircle with the line segment PQ as its
diameter (C)x=y=4 (D) x-y=0
© Copvright 1ead Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 Www.gateacademy.co.in
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vA)kL8  1ISc Bangalore

. 1
3.10 The integral EIID(x+y+10)dxdy,

where D denotes the disc : x*+y> <4,
evaluates to [Set - 01]

3.11 The region specified by
{(p, 0, 2):3<p<5, gsq)sg, 3954.5}

in cylindrical coordinates has volume of

: [Set - 01]
3.12  Suppose C is the closed curve defined as
the circle x>+’ =1 with C oriented
anti-clockwise. The value of
(]S(xyza’x+x2 ydy) over the curve C

equals [Set - 02]

dx

Ja-x)

1
3.13 The integral j is equal to
0

) [Set - 03]
3.14 A triangle in the xy plane is bounded by
the straight lines 2x=3y, y=0 and

x =3. The volume above the triangle and
under the plane x+y+z=6 is

[Set - 03]
721y IIT Roorkee

3.15 A three dimensional region R of finite
volume is described by x*+ 3> <z’
0<z<1 where x, y, z are real. The

volume of R (up to two decimal
places) . [Set - 01]

316 Let [= j (2zdx+2ydy+2xdz), where
C

x, y, z are real, and let C be the straight
line segment from point 4 : (0, 2, 1) to
point B : (4, 1, —1). The value of [ is
[Set - 01]

3.17 The values of the integrals

e

O (x+y)’

e x—y
and IO(IO o) dxjdy are [Set - 02]

(A)same and equal to 0.5.

(B) same and equal to — 0.5.
(C)0.5 and — 0.5, respectively.
(D)- 0.5 and 0.5, respectively.

7k IIT Guwahati

ax’ + by’

3.18 Let f(x,y)= , where a and b

are constants. If ai = 8l at x=1 and
X dy
y =2, then the relation between a and b

1S

b b

A)a=— B)a=—

(A) 2 (B) 5

(C) a=2b (D) a =4b
319 Let r=x"+y-z and =z —xy+yz
+y°=1. Assume that x and y are

independent variables. At (x,y,z)

=(2,-1,1), the value (correct to two

decimal places) of % is

X
7158 IIT Madras

3.20 The value of the integral II >
0y

mx

dxdy ,

is equal to
3.21 Consider the line integral

$ (xdy—yad)

the integral being taken in a
counterclockwise direction over the
closed curve C that forms the boundary
of the region R shown in the figure
below.
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The region R is the area enclosed by the
union of a 2 x 3 rectangle and a semi-
circle of radius 1. The line integral

evaluates to
by

of 12345
(A) 8+ (B) 12+
(C)16+2n (D)6+§

Electrical Engineering : EE
[IT Bombay

31 IfS= I lm x"dx, then S has the value

-1 1
A)— B) —
(A) 3 (B) 2
© = (D)1
2
241155 1IT Kharagpur
32 A surface S(x, y)=2x+5y-3 is

integrated once over a path consisting of
the points that satisfy

(x+1)>+(y=1)7*=42.

The integral evaluates to

(A) 1742 (B) %
2
©) 7 (D)0

H 2
3.3  The expression V:jnR2 (l—ij dh
0 H

for the volume of a cone is equal to,

(A) ]:n'RZ (1—%) dr

R s h 2
(B)_([nR (I_Ej dh
R r
(C) £2nrH(l _Ej dh
(D)I4nrH(l—%J dr

7Allllges  IIT Kanpur

3.4  The integral iJ‘Msin(t—‘l:) cosTdTt
210

equals
(A) sintcost (B)O

1 1) .
©) (5) cost (D) (Ej sint

708 IIT Roorkee

3.5 f(x, y)is a continuous function defined
over (x, y) €[0,1]x[0,1]. Given the two
constraints, x>y’and y>x’>, the

volume under f'(x, y) is

y=la=yy
A) [ [ f(xy)dedy
® | floy)d
© [ [ £ o)y
y=7 vy
O [ [ f(xy)dxdy

A58 IIT Guwahati

3.6  The value of the quantity, where

P= jol xe* dx
(A)0 (B) 1
©)e D)1
e
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3.7

A function y =5x” +10x is defined over
an open interval xe (1,2) . At least at one

e dy .
point in this interval, d_y is exactly
X

(A)20
(C)30

(B)25
(D)35

215 IIT Kharagpur

3.8

3.9

A particle, starting from origin at  =0s,
is traveling alongx -axis with velocity

:Ecos[ Jm/s
2 2

At t=3s, the difference between the
distance covered by the particles and the
magnitude of displacement from the
origin is [Set - 02]
To evaluate the double integral

8( p/+( 2x—y
J.o(.[y/z ( 2 jdxjdy’

we make the substitution u = (

2x— yj
2
and v= % . The integral will reduce to

[Set - 02]

(A) j Zu du)

© |,

™| (j udu)dv

A0
®) | (j 2udu)dv
il

udu)dv

vA)IsL8  1ISc Bangalore

3.11

3.12

The value of the integral 2 J (sm imjdt

is equal to [Set - 02]
(A)O (B)0.5
O)1 (D)2

The volume enclosed by the surface f(x,

y) = e" over the triangle bounded by the

linesx =y; x=0;y =1 in the xy plane is
[Set - 02]

7A1ily/" IIT Roorkee

3.13

3.14

Let I:CIInyzdxdy, where R is the

region shown in the and
C=6x10".
. (Give the answer up to two

decimal places.) [Set - 01]

figure
The value of [ equals

Ay
10 ..............................

» X

1 5
Consider a function f(x, y, z) given by

[y, 2)=("+y" =22°)(»" +2°).
The partial derivative of this function
with respect to x at the point, x =2, y =1

and z=31s [Set - 02]

70658 IIT Guwahati

3.15

As shown in the figure, C is the arc from

3.10 The value of the line integral the point (3, 0) to the point (0, 3) on the
J(2xy2dx +2x%ydy + dz) circle x*+y*=9.  The value of the
¢ integral

along a path joining the origin (0, 0, 0) 5 )
and the point (1, 1, 1) is [Set - 02] J;(y +2xy)dx+(x" +2xy)dy
(A)0 (B)2
(C)4 (D)6 Is (up to 2 decimal places).
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y

4

>

(3.0

X

(3,0 "

7588 IIT Madras

316 If f=2x"+3y"+4z, the value of line
integral fc grad f-dr evaluated over

contour C formed by the segments

(-3,-3,2) = (2,-3,2) = (2,6,2) = (2,6,—1)

1S

2A\¥415  1IT Delhi

3.17 The value of the following complex
integral, with C representing the unit
circle centered at origin in the
counterclockwise sense, is

J. 222 1 dz

vz —2z
(A) 8mi (B) mi
(C) —8mi (D) —mi

2Aiv45  1IT Bombay

3.18 Suppose the circles x*+yp°=1 and
(k=D +(y=1)? =7
other orthogonally at the point (u, v).
Then u+v=

Mechanical Engineering : ME
‘LS IIT Kharagpur

1
3.1  The value of IO e‘ysy2 dy is

intersect each

Ll 1T Kanpur

3.2 The area bounded by the parabola
2y =x" and the lines x=y—4 is equal

to
(A)6 (B)18
(C) oo (D)None

33 Giveny= j " costdt then & is
! dx

2 2

X X
A)2cos— B) 2xcos—
(A) 5 (B) 5

(C) 2xcos x”

sl IIT Madras

34  The curve given by the equation
x>+ y? =3axy is,

(D) x* cos x

(A) Symmetrical about x-axis.
(B) Symmetrical about y-axis.
(C) Symmetrical about the line y=x.

(D) Tangential tox =y = % .

LiLs 1T Delhi

35 If o) =] 0’“ Jt dt, then % is

(A) 2x (B) Vx
©)0 D)1

21008 IIT Kharagpur
3 [ 2
3.6 jo jo sin(x + y)dx dy
(A)0 (B) m

T
© 3 (D)2

7A1[18° IIT Madras

1 1 3.7 The area enclosed between the parabola
(&) ~r (B) -vr : s een e e
2 3 y = x” and the straight line y =x is
Jn A)1/8 B) 1/6
(Rt (D) 3 (A) B)
2 ©) 173 (D)1/2
. Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 www.gateacademy.co.in
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WIITS Ut elni

38 If x=a(0+sinB) and y=a(l—-cosB)

thenﬂis
dx

0 0
A) sin— B) cos—
(A) 5 (B) 5

0 0
C) tan— D) cot—
©) 5 (D) 5

3.9  The volume of the object expressed in
spherical co-ordinates is given by

v=| 02" [ 5 | 0‘r2 sin & drddd

The value of the integral is

T T
(A) 3 (B) 5

27 o
©) 3 (D) 2

WITER 1T Bombay

3.10 J_a (sin® x +sin’ x)dx is equal to
A) 2] 0“ sin® x dx
(B) 2_[: sin’ x dx

(C) Zjoa (sin® x+sin’ x) dx

(D)zero

3.11 Changing the order of the integration in
the double integral leads to

8 p2
= 0 [ £ (x, y)dy dx leads to
4

I={"{"f(x, y)dy dx. What is g?
rep

m IIT Kharagpur

3.12 Assuming i = J-1 and¢is areal number,
[Fetdr is
0

N B Y3 L
2 2

(A) > 5

©) %ﬂ(?}

vA)11:38  1ISc Bangalore
2 3/2

3.13 The length of the curve yzgx

(D)%+i(l—?}

betweenx=0and x =1 is

(A)0.27 (B)0.67
O)1 (D)1.22
3.14 Which of the following integrals is
unbounded?
z - 1
4
(A) jo tan x dx (B) JO ) dx
oo “ 1 1
© JO xe " dx (D) jo de

3.15 Consider the shaded triangular region P
shown in the figure. What is J J xydxdy?
P

y
1
0 : >
1 2
(A) s (B) ry
1
©) 73 (D)1

i IIT Roorkee

2
Ay (B) 16y 3.16 The area enclosed between the curves
(C)x (D)8 Y =4x and x> =4y is
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16
(A5 (B)8

© % (D) 16

7008 1IIT Guwahati

3.17 The parabolic arc y = Jx, 1€x<2 is

revolved around the x-axis. The volume
of the solid of revolution is

(A)m/4 B)mw/2
(C)3n/4 (D)3m/2
3.18 The value of the integral '[ is
= 1+x°
(A)—m (B) —m/2
C)m/2 D)=

7108 IIT Madras

3.19 If f(x) is an even function and ‘a’ is a

positive real number, then J-_a f(x)dx

equals
(A)0 (B)a
(C)2a D) 2[ 0" £(x)dx

2A\s72=  1IT Delhi

3.20 The area enclosed between the straight
line y=x and the parabola y = x*in the

x-y plane is
(A)1/6 (B) 1/4
<173 (D)1/2

A1 IIT Bombay

3.21 The value of the definite integral

jf\/E In(x)dx is

4 5. 2 25 4
(mgﬁlg (B) SVe' =

2 5.4 452
(QE&;% (D) 5

215 IIT Kharagpur

3.22 The value of the integral

S  ger g4
0 (x—1)" +cos(x—1)

A)3 (B)0

©-1 (D2

3.23  The value of the integral Jj I : e dydx

is, [Set - 04]

(M%@4) (&%M—W
©) L@ -0
2

1 1Y
D)=l e—=
<>2(e j
7158 IIT Madras

3.24 A parabola x=y)> with 0<x<I as

shown in figure. The volume of the solid
of rotation obtained by rotating the

shaded area of 360° around the x-axis is
y

X:yz

X

L
(A)m B) 7

(Qg (D) 2n

3.25 The value of the following definite
integral is (round off to three
decimal places).

JT x(In x) dx

3.26 The transformation matrix for mirroring
a point in x-y plane about the line y =x

is given by

0 -1 0 1
w5 ey
1 0 -1 0
I o 1]

© Copyright
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2A\v4 5= 1IT Delhi

1 X2
327 Letl= I I xy’dydx . Then, I may also

x=0 y=0
be expressed as

(A) Jl. Jl. v dxdy
y=0x=\[y
1y
(B) j I yxdxdy
y=0 x=0
1y
©) [ [ wdvdy
y=0x=0
1

(D) j _[ xy dxdy
y=0x=[y

2Aiv45  1IT Bombay

0s0
j rsin@drd0is [Set-2]
0

[Set - 02]

3.28 The value of

O'—.N\?—I
o

(A)0 (B) 1t

1 4
© < (D)3

Civil Engineering : CE

‘L2 IIT Kharagpur

3.1  The volume generated by revolving the

(A) (xlogx—1)

(B) logx—x

(C) x(logx—-1)

(D) None of the above

Ll 1T Kanpur

3.3 The area bounded by the parabola
2y =x* and the line x = y—4 is equal to
(A)6 (B) 18
(C) o (D)None of these

34 By reversing the order of integration
J.Ozj.zzxf (x,y)dydxmay be represented

as

@A) [[ fyydyx
®) [ [ reeydvdy
© [ reyydeay

O [ [ . y)dydx

sl JIT Madras

3.5  Area bounded by the curve y=x and

lines x =4 and y = 0 is given by

area bo?nded by the pare?bc.)la y* =8x (A)64 (B) 64
and the line x = 2 about y axis is, 3
128m 128 128
A) —— C) — D) —
(") = © = (D)~
(B) —— LLER [T Bombay
1287
© 127 3.6  The function f(x)=e€" is
St (A)Even
(D)None of the above (B) Odd
3.2 The integration of jlogxdx has the (C) Neither even nor odd
value (D)None of the above
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150 [IT Kanpur AL B) 1
2
3.7  Value of the integral / = I OZ cos’ xdx is (©) 3 (D) S
2 3

nt 1 n 1
S i

m IISc Bangalore

3.8  The value of the following improper

integral is I; xInxdx
(A) ¢ (8)0
4

-1
© (D)1

3.9 The value of the following definite

s

7 .
integral I sin 2x dx is,
*.1+cosx
2
(A)-2 In2 (B)2
©)0 (D) (In2)*

m IIT Madras

310 If P,QandRare three points having
coordinates (3, -2, 1), (1, 3,4), (2, 1, —
2) in XYZ space, then the distance from
point P to plane OQR (O being the origin
of the coordinate system) is given by
(A)3 B)5
©)7 (D)9

WIIE uTBombay

3.11 Value of the integral q‘j(xydy— yidx),
C

where, C is the square cut from the first
quadrant by the line x = 1 and y = 1will
be (Use Green’s theorem to change the
line integral into double integral)

m IIT Kharagpur

3.12 What is the area common to the circles
r=a and r =2acos0?

(A) 0.5244° (B) 0.6144°
(C) 1.047 a* (D) 1.2284°
7Allllge  IIT Kanpur
= in
3.13 Evaluate I%di
0
T
(A)m B) =
2
o s
C) — D) —
©) 1 ( )8

vA)11:5 1ISc Bangalore

3 x
3.14 The value of II(6—x—y)dxdy is
00

(A)13.5
(C)40.5

A58 IIT Guwahati

3.15 A parabolic cable is held between two
supports at the same level. The horizontal
span between the supports is L. The sag

at the mid-span is 4. The equation of the
2

parabola isy = 4h)]i—2 , where x is the

horizontal coordinate and y is the vertical

coordinate with the origin at the centre of

the cable. The expression for the total

length of the cable is

2.2
(A) jOL,/1+64 thf dx
3.2
®) 2" f1+64 thf dx

(B)27.0
(D)54.0
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(C)j ,/1 64h2 2
(D) 2]0”2,/ + h;ffz dx

(A)x=y-|y|

(C) x=y+|y|

B) x=—(y—|y)

(D) x=—(y+|y)

215555 1ISc Bangalore

20 1 th f cycles t
TYEY [T Madras 3.20 n. a process, the number.o cyc.es 0
failure decreases exponentially with an
3.16 What is the value of the definite integral increase in load. At a load of 80 units, it
a Jx 0 takes 100 cycles for failure. When the
I o Sy +a—x dx? load is halved, it takes 10000 cycles for
4 failure. The load for which the failure
(A)O (B) 5 will happen in 5000 cycles is [Set - 01]
©)a (D)2a (A)40.00 (B)46.02
(C)60.01 (D)92.02
A1 IIT Bombay . .
i 3.21 The value of J- 5 dx+J- SIY s
6 cact 203 O I+x o x
3.17 The value ofj cos” 30sin” 66 d0
’ [Set - 01]
1
— T
(A)O (B) 15 (A) 5 (B)
8
O)1 D) — 3n
© D3 © D)1
AUt 1T Kanpur 3.22 The area of the region bounded by the
3.18 Given i =+/—1, the value of the definite parabola y =x”+1and the straight line
x x+y=3is [Set - 01]
. tcosx+isinx
integral, / = | ————dx is 59 9
8 J‘cosx—zsmx (A) 3 (B) 5
(A1 (B)- 1 ©73 ®)%
(©)i (D')_i ‘ 3.23 The angle of intersection of the curves
3.19 Choose the most appropriate equation for x> =4y and * = 4x at point (0, 0) is
the function drawn as a thick line, in the
plot below. [Set - 02] [Set - 02]
Iy (A)0° (B) 30°
(C) 45° (D) 90°
< 29 > 3.24 The area between the parabola x* =8y
and the straight line y =8 is
0,—-1
( )v [Set - 02]
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Integral & Differential Calculus 3.17

325 If f(x)=2x"+3x-5, which of the
following is a factor of f(x)?

[Set - 02]
(A) (x" +8) (B) (x=1)
(C) (2x-5) (D) (x+1)

7A1ily/" IIT Roorkee

3.26 Let x be a continuous variable defined

over the interval (—eo,e0) and
f(x)=e™"* . [Set - 02]
The integral g(x)= I f(x)dx is equal to
(A) e (B) e
(€) e (D)e”
3.27 Consider the following definite integral
1 : -1 2
(sin” x)
[ =|—=dx
2')‘ V1-x?
The value of the integral is, [Set - 02]
i T
A) — B) —
( )24 ®) 12
T’ T’
C)— D) —
©) 48 ( )64

7k IIT Guwahati

3.28 The value of the integral J'Onxcos2 x.dx is

[Set - 01]
o’ n’
(A) ry (B) vy
©) %2 (D) *

2A\¥415  1IT Delhi

3.29 The area of an ellipse represented by an
2 2

2Aiv45  IIT Bombay

3.30 The value (round off to one decimal

1
place) of Ixe M dx s . [Set-2]
|

3.31 The volume determined from
[[[8xyzav forv =[2,3]x[1,2]x[0,1]
14

will be (in integer) [Set-1]

Instrumentation Engineering : IN

21115 1IIT Bombay

1
3.1  The value of the integral J'dex is
X
-1

(A)2 (B) does not exist
(©)-2 (D)

3.2 The curves, for which the curvature p at
any point is equal to cos’ 8, where 0 is

the angle made by the tangent at that
point with the positive direction of the x-

axis, are (given p=y"/[1+(y")’T"”,
where y' and y" are the first and second
derivatives of y with respect to x)
(A)circles
(C)ellipses

A4 1IT Kanpur

3.3  The value of the integral I I ere” dxdy
00

(B) parabolas
(D) hyperbolas

is
(A) Nm/2

OF: (D) 1t/ 4

(B)

equation —-+ y_2 =1is [Set - 01]
a b 7Jilil:| IISc Bangalore
nab ) s
(A) mab (B) e 34 Given y=x"+2x+10 the value of
dy| .
(C) 4mab (D) nab D is equal to
3 2 dx]y
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(A)0 (B)4 Chemical Engineering : CH
(©) 12 (D)13
241005 TIT Kharagpur
3.5  The expression e " forx > 0is equal to - &P
(A) —x (B) x 3.1  Foran even function f(x)
(€) x™ (D) —x”'

72108 TIIT Roorkee

4 J—
3.6 J. ( I-tanx j dx evaluates to
0

|a

1+tanx
(A)0 B)1
(C)ln2 (D) %ln 2

2155 1IT Kanpur

aly
3.7  The double integral J. I f(x,y)dxdyis
00

equivalent to

@ [[ e day @[] reondras

© [ [ fendsdy O] fex.y)dedy

7158 IIT Madras

3.8 The curve y= f(x) is such that the
tangent to the curve at every point (x, y)
has a Y —axisintercept c, given by
c=-y.Then, f(x) is proportional to
(A) x™ (B) x*

(OF% (D) x*

2A\¥415  1IT Delhi

3.9 A straight line drawn on an x-y plane
intercepts the x-axis at —0.5 and the y-axis
at 1. The equation that describes this line
is

(A)y=x-0.5

(A) [ f(x)dx=0

B) [ f(-x)dx=0

© f(x)==1(-x)=0

(D) f(x)= 1 (=x)
3.2 The line integral of

y X
dx— day;,
I{x2+y2 x2+y2 y}

where C is the unit circle around the
origin traversed once in the counter-
clockwise direction, is

(A)-2m (B)0

(©) 2m D)=

241025 IIT Delhi

2
3.3 Value of the integral | i
X
-2

(A)0 (B)0.25
O1 (D) o0

2411055 1IT Kharagpur

3.4  The derivative of |x| with respect to x

when x #0 is

L (B) -1
X
O)1 (D) Undefined

7Allllge  IIT Kanpur

3.5  Evaluate the following integral (n # 0)
J(—xy”dx+x”ydy)

Within the area of a triangle with vertices

(B) y=0.5x-1 (0, 0) (1, 0) and (1, 1) (counter
(C) y=2x+1 (D) y=—-0.5x+1 clockwise)
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1 v
(A)0 (B) — ©) |- |+C  D)n(l-e*)+C
n+l e —1
1 n
© 7 (D)~ JTEN 1T Roorkee
3.6 The family of curves that is orthogonal 3.11 The number of positive roots of the
to xy=c1s function f(x) shown below in the range
(A) y=cx (B)yzﬁ 0<x<6 is
X 150
(©) y'x*=¢ (D) y*-x"=¢, 120
21 IIT Madras 90
3.7 The value of the improper integral 60
_[m dx 7 30
—— s,
—=(1+x7%)
(A)-2m (B)0
(OF (D) 2n

3.8  Which one of the following functions
y(x) has the slope of its tangent equal to

ax
—7? Note : a and b are real constants

y
(A)y=x+b (B) y=ax+b
a
(C) y= Vo' +b (D) y = Jax* +b
a

2A\s72=  1IT Delhi

3.9 If a is a constant, then the value of the
integral azj.: xe “dx is,
1
(A)— (B)a
a
O1 (D)0

A1 IIT Bombay

3.10 Evaluate I

Production & Industrial : Pl

vA)11:31  1ISc Bangalore

/2
3.1  The value of the integral I_ ,Xcosx dx is,

(A)O (B) t—-2
©) (D) 1+2

718 IIT Roorkee

3.2 The total derivative of the function ‘xy’
1S,

(A) xdy+ydx (B) xdx+ydy
(C) dx+dy (D) dx—dy
vAIs008  TIT Guwahati
1 v

3.3  The integral

j Te?dxis equal to

Jan

e —1
(Note : C'is a constant of integration) (A) 1 B)1/2
X x 2
e In(e* —1
(A)——+C (B)—( - )+C o1 D) oo
e -1 e ©) (D)
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34 If f(x)= sin|x| then the value of /A at

dx
—T7C .
X=—"18
4
1
(A)0 ® 7
©) -~ D)1

V2

2A\s72=  1IT Delhi

3.5  The area enclosed between the straight
line y = x and the parabola y = x” in the

x-y plane is
(A)1/6 (B)1/4
(©)1/3 (D)12

2A1i8  IIT Bombay
3.6 The value of the definite integral

j f& In (x)dxis
4 2 2 4
A) e +2 e -
(A) 5 5 (B ) 3
2 4 4 2
C) Ze +2 D) —+e’ -
©) 5 5 ( ) 5
A\l 1IT Roorkee
3.7  The improper integral
I : e'dt converges to
(A)O (B)1.0
(©)0.5 (D)2.0
A1s 8 IIT Madras
ab Xd
3.8  The solution of _” Y is
11
(A)log (ab) (B) log (a/b)

(C)log (a)+ In (b) (D)log (a) In (b)
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Integral & Differential Calculus

Integral & Differential Calculus

Electronics & Communication : EC

3.1 A 3.2 C 3.3 B 3.4 B 3.5 A
3.6 C 3.7 864 3.8 3 3.9 A 3.10 20
3.11 4.712 3.12 0 3.13 2 3.14 10 3.15 0.785
3.16 -11 3.17 C 3.18 D 3.19 4.5 3.20 2
3.21 B

3.1 C 3.2 D 3.3 D 3.4 D 3.5 A
3.6 B 3.7 B 3.8 2 3.9 B 3.10 B
3.11 D 3.12 0.718 3.13 0.99 3.14 40 3.15 0
3.16 139 3.17 D 3.18 1

Mechanical Engineering : ME

3.1 B 3.2 B 3.3 C 3.4 C 3.5 A
3.6 D 3.7 B 3.8 C 3.9 A 3.10 A
3.11 A 3.12 A 3.13 D 3.14 D 3.15 A
3.16 A 3.17 D 3.18 D 3.19 D 3.20 A
3.21 C 3.22 B 3.23 B 3.24 C 3.25 2.097
3.26 B 3.27 D 3.28 C

Civil Engineering :

3.1 A 3.2 C 3.3 B 3.4 C 3.5 B
3.6 C 3.7 A 3.8 C 3.9 C 3.10 A
3.11 C 3.12 D 3.13 B 3.14 A 3.15 D
3.16 B 3.17 B 3.18 C 3.19 B 3.20 B
3.21 B 3.22 B 3.23 D 3.24 85.33 3.25 B
3.26 B 3.27 A 3.28 B 3.29 A 3.30 0
3.31 15

Instrumentation

3.1 D 3.2 A 3.3 D 3.4 3.5 C
3.6 3.7 C 3.8 D 3.9 C 3.10 D
3.11 3
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Production & Industrial : Pl

3.1 A 3.2 A 3.3 C 3.4 C 3.5 A
3.6 C 3.7 C 3.8 D

Integral & Differential Calculus

N ©
31 WO Given : I=I sin’ 040
Given: T=— ["exp| = |ax .. () 1=["(1-cos’ O)sin0d6  ...(0)
N2m 7o 8 ’
R Let cosO=t¢
I= LI ) e%dx Differentiating on both sides
NP ’
, —sin0d0 = dt,
Putting%zt = x=2/21" At0=0, r=cos0=1
Differentiating on both sides, AtO=m, ¢=cosm=—1
1
dx = th Then, [= —L (1) dt
Vi
1
Put all these values in equation (i), = L (1-¢*)dt

1= 2
1= e’ dt 37
N J ¥ I= [r—t—}

B

e t2dt

- Lf

[By Gamma function, I'n = J.: e’'x

;2,2 4
Here n—1=_—1:>n=l 333
2 2 Hence, the correct option is (C).
1
n=-— 3.3 B
> (B)
Thus, 1:%1‘% [r%:ﬁ} Given :I—I ydx
T
1 Method 1
I= ﬁﬁ =1 From the given plot, the equation of the straight

Hence, the correct option is (A). line for y can be written as y = x +1
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Ya
34 JO)
0
Given: [=2[ (xdx+ydy) ()

/l
——t————> X

1 Jo 1 2 3
y=mx + C [where,m=1and C=1]

IzjimkzLQx+Ddx

2 2
X
I=|—+x :4_3222 2.5
2 2
Hence, the correct option is (B).
Method 2
2
1= jydx
1

Here, I represent the area covered by the curve

given by the function ‘y’ over x-axis from limits
[L,2].

(y=x+1)

Section (S,)
Section (S))

/0,0

In this figure, the area [ is comprised of two
sections §, and s, .

So, I =Area (S,)+ Area (S,)
1 :1><2+%><1><1

I =2+0.5=2.5 square unit

Hence, the correct option is (B).

Scan for
Video Solution

Two points P and Q are in Xy plane, where
P(1, 0) and Q(0, 1).

I = 2IQ(xdx+ydy)
p

1 :2jloxdx+2j;ydy

270 27!
1:2{’6—} +2{y—} =0
24 L2l

Hence, the correct option is (B).

Method 2
Let,  f(x,y)=0dx+wydy
On comparing f(x,y) with equation (i),
0
1=2["f(x,
Where, 0 =x, y=y

do_, dv_,
dy dx

According to Green’s theorem,

¢(¢dx+\|ldy) H(dw dd)} dxdy

So,

de dy
dy doé
I= .”[ y}dci
I=H(O—O)dxdy
1=0

Hence, the correct option is (B).

© Copyright
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3.24 Engineering Mathematics
Bl B o
Given : g(x,y)=4x’ +10y* (D)

The straight line passing (0, 0) to (1, 2) is given
by,
y=mx+c

Intercept of y-axis, ¢ =0.

Vo= N _2_0_2

SIO e, m==22_21_Z - _
’ x,—x 1-0
o ek ... (i)
YV A
(0,2)-=nn--- .(1’2)
//r\jd :
~
: » X
(0,0) (1, 0)

From equations (i) and (ii),

g(x, y)=4x>+102x)*
Since, the two variable function g(x, y) has now
been converted to a single variable function [say
H(x)].

Therefore, the required integral can be computed
simply by a single integration with respect to x
over the limits (0, 1).

H(x) =4x> +160x*
1
I:IH(x)dx
0
1
I:IO(4x3+160x4)dx
=4[ Xdv+160[ x'dx
0 0
x4 1 x5 1
1:4{—} +160{—}
4 0 5 0
[=1432=33

Hence, the correct option is (A).

Differentiating on both sides,

xdx =dt
dx:ldt
X
1 -1/2
dx=—=t""dt

7

Put all these values in equation (i),
1 o 1
x)=—=x2| e'—=t"dt
o
f(x)= LI Te! téildt
\/E 0
[For even function I _a f(x)dx = 2_[00 f(x)dx]

By Gamma function,

Tn= e x"dx
Here,_?l:n—l = n=%
f(X)=ﬁFGj {r@:ﬂ
f(x)=%=1

Hence, the correct option is (C).

Scan for
Video Solution

864

Given: z(x, y)=x+y

and 0<y<x, 0<x<12
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y
A
(12, 12)
P
x=12
:yﬂ o O -1z

Thus, the volume as double integral, under the
surface,

V:”zdxdy (where, 0<z<x+y)

V= lf j- (x+ y)dxdy

x=0 y=0

12 yz *
V= +=—| dx

x=0 0

ffet)e

3 (Y 31
V=x|=—| ==x=x12°
2713 273

V =864

Hence, the volume under the surface is 864.
33 [E

Given : [ = j 12 cos(2mt)

|| '—;.\)

0

sin(4mt) dr
4t

sin(4mt)

[© 12cos(2mt) is a even function]

= 12 2J- T cos 27t sin 4t dr

4n0 t

dt

I zj 2 cos 27t sin 41t
t

[2cos Asin B =sin(A+ B)—sin(4A— B)]

= ixj' sin (67t¢) — sin (—27t) dr
T

0 t

I ixj sin (67¢) +sin (27¢) dr
T

0 t

sin (67¢) + sin (27¢)
t

Let = h(t)

Then, 7= 3><jh(t) dt
T 0
By property of Laplace transforms,

Th(t) di=H(s)| _,

So,  1=>[H(s)]_, (@)
—[H(s)]

Taking Laplace transform of h(¢),

H(s)=L{Sint6m}+L{Sint2m}

By the property,
t
L[f( )} F(s)ds
So,  H(s)= T T 2T s
367t s> +4m°

H(s)= 6Tc[tan‘1 (ijxi}
6m/ 671 |
+271{tan_1 (ijxi}m
2n) 2w,
H(s)= [tan“ co—tan”' (iﬂ
6T
+ [tan"1 co—tan”' (iﬂ
21
H(s)=n—tan' (ij —tan”' (ij
67 2n

From equation (1),

e () (5
I=—X|m—tan" | — |—tan™ | —
T 6T 21 |,

I:ix[n—O—O]
T

=3
Hence, the value of the integral is 3.
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30 Y

Given : fi(x, y)=x"+)’
fi(x, y)=06y+4x

According to the question,

%ﬁ(x, D=2 (5

9
dy
2y =4
y=2

[x* +)7] Zi[6y+4x]
ox

It shows the contour of constant line parallel to
x-axis at a distance of 2 above the x-axis.
Hence, the correct option is (A).

0 20
1 )
Given : I=—H(x+y+10)dxdy ...(1)
21,

where, D denotes the disc x>+ y2 < 4.

Changing from Cartesian to Polar coordinates.
YA

Put x=7rcos0, y =rsin6,

dxdy = rdrd©

r*cos’0+r’sin’ 0 =4

r=2
r varies from 0 to 2 and 0 varies from 0 to 2.
From equation (i),

2 2
1=Lj j[r2(cose+sine)+1or]drde
2TC 0=0 r=0
1 2n 1’3 2
[=— j (cosG+sin6){—} do
2Tc6:O 3 r=0
2
10 2n 2
+—[|5] a0
27[9:0 2 =0
1 21t8 1 2n
[=— j Z(cosO+sin0)dO + — j 5(4)de
2n 7,3 2n 2,
2n
I=L[§(sin6—cose)} +Loo[e]"
2n| 3 . 2: 0
I—Lx§[(0—1)—(0—1)]+l><20><(2n)
2n” 3 2
1=20
Hence, the value of integral is 20.
S 4.712

Given : A Region is specified as,

3Sp£5,§£¢£§,3£z£4.5

The volume of cylindrical coordinates is given
by,
v=dfppdpdod:
14

5 n/4 4.5

v=_[ [ [pdpdod:

p=3 ¢=n/8 z=3

45 w4

r=1 | {%I_}dq)dz

z=3 o=n/8

b 4j§ nj_4 |:252_9}d¢dz

z=3 ¢=n/8
45 w4

V= j j 8dodz=8[¢]". [z].”
z=3 ¢=n/8

=8| Z-Llx@.5-3)=8xZx15
48 8

V=4712

1 F % ) Hence, the volume of cylindrical coordinates is
I=—1 [[r(cos0+sin6)+10]rdrde
on 4.712.
0=0 r=0
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3.12 3.13 WA
Given : C is the closed curve defined as the . L dx .
. . . . . Given : I:I ...(1)
circle x* + y2 =1 with C oriented anticlockwise. ¢ J(1=x)

| Method 1 |

YA

According to Green’s theorem,

§ (odr+ yly) = Hfi’ ‘;i)] xdy

Here, (]):xyz, \p:xzy

Ixyzdx +x’ydy
d d
= ||| - »-— (xyz)} dxdy
IRI [ dx dy
J‘ 2 2 _
xy dx+x"ydy= ” (2xy —2xy)dxdy
R

J.xyzdx+x2ydy =0
Hence, the value of qi (xy*dx+ x>y dy) over the

curve C is 0.

| Method 2 |
(]5xy2dx+x2ydy = Cﬁ(xy%lx +x2y&y)-di
From strokes theorem,
$F-dl = [[(VxF)ds
VxF =Vx(xy’a, +x2y&y) =0
Hence, the value of (j) (xy’dx+x’ydy) over the

curve C is 0.

[ Method 1 |

Il
o t—

Let, x=sin’0
dx =2sin0cos0d0
When x=0, sin?’6=0
0=0°
When x =1, sin’6=1
0=m/2
From equation (1),

7= J. ’2sin0cosOdO Izsinecosede

\J(1—=sin”0) 0 cos 0

/2

/2

I= I2s1n6d6 2[-cos 8]

=2

Hence, the value of integral is 2.

[ Method 2 |
1
1
]:
lda—n

dx is a form of definite integral.

A

v

~
o
e
[ S——
SE
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1
. Ly s 0.785
t? .
Iz.[t_l/zdt— ; Given: >+ <23 0<z<1
0 -—+1
2o Let x4y’ =1 =[=4x"+)’

1
r=2[ ] -2
Hence, the value of integral is 2.

T

Given : Straight lines: 2x =3y, y=0, x=3

Plane: x+y+z=6

y A
O (3.2)
ifﬁﬁ
x=0 " x=3
0 (3,00

Required volume as double integral is given by,

V= ”zdxdy

\)
2x/3

V j. .[(6—x—y)dxdy

r 5 213
6y—xy—y—} dx

~
I
= e

L 2o
3 2 2
V=I 4x—2x _2x dx
0L 3 9_
3 82 (4 8%
X
V=|]|4x- dx=|—7/——=—
oo 555

3
y=2y3 83 _1s-g =10
2 9 3

Hence, the volume is 10.

The revolution is about z-axis.

The volume of revolution is given by,

X
A

P(0,0,2)

1
14 =jn12dz
0
Putting, /% = x> + 32 = 2°

V= jnfdz
0

4 1
Vz{“i} =T _0.7853
4 |, 3

Hence, the volume of R is 0.785.

Note : Here in the question volume of region R
is asked i.e. it is nothing but the volume forming
by revolving the region in 3D about z-axis.

Scan for
Video Solution

Given: [=[(Q2zdx+2ydy+2xdz) ... ()
C

The equation of straight line passing through
(xla Yis Z1) to (Xz, Vs Z2) iS given by,
X=X _ V=N _ 273

X=X V=W Z7%

=t
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GATE ACADEMY ® Integral & Differential Calculus 3.29

At point (0,2, 1) to (4, 1, 1), Step III : Integrate along line joining
x—0 _y- 2 z-1 _y 0(4,1,1) to B(4,1,-1)
4-0 1-2 —1-1 dx=dy=0and x=4
x=4t, y=—t+2, z=-2t+1 _ _
dx = 4td, dy = —dt, dz = —2dt I, = [ 2xdz = [ 8dz =16
1
For x=0, y=2, z=1
t—yO Thus, 7=1+1,+1,=8-3-16=-11
For x=4, y=1, z=-1 Hence, the value of 7 is —11.
From equation (i), _
a ® Given : [, = _[ ( J‘ b4 dyjdx
O(x+y)

[= j 2(=2t +1)4dt + 2(~t + 2) (—dt) + 2(4) (—2dt)

and /, IU (x+;}) dxjdy

1
I=I(—16t+8+2[—4—16t)dt
0 Solving for 7,

1
I=[(4-30)at Az“[x—ym x]d o
0 ol (et )
2|t 11
2x —
1={ar=220 4152211 11:”( x <x+3y>}g e
2, ool (x+y)
Hence, the value of /is —11. 1:j~ j‘( 2x 1 jdy}dx
BRIEINCRS VN2

Integrate 2zdx+2ydy+2xdz along path from Jl_ r [ _1 ] [ 1 J‘ ‘
. 1, = X dx
point A4(0,2,1) to B(4,1,-1). 0| 2(x+y)? x+y )|
0,2,1) 4,2,1) 4,1, 4,1,-1) |
4 x (varies) P y (varies) é z (varies) B _ J‘ —X+X +y I dx
y=2 x=4 x=4 ) (x+y) 2 (x+ )|,
z=1 z=1 y=1 | .
Step I : Integrate along line joining f { ! } =0.5
y (x+ 1) x+1
0,2,1) to P(4,2,1) 0
dy=dz=0 and z=1 Now, solving for 7,
4 1
-
= 2de = 8 I = dx dy
! =1 (x+y)’ ]

Step Il : Integrate along line joining
P(4,2,1) to O(4,1,1)
dx=dz=0

1
1= faa =[]
2

~
Il

S

R
I
T = ——
—
=
|
<
+
<
<
Ne—
&
S
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- 2y ]
& ‘ﬂ(x+y)+2(x+y>2 ldy

‘ —X— y+y _1 —X :
I{ () }dy_ﬂuwfldy

1
-1 -1
I EL
2 -(|).(l+y)2 y+1]|,
Hence, the correct option is (C).
3.18 B
Given :
ax’ + by’
O  Sy)=— .. (D)
Xy
o 9
(i1) l—l for x=1, y=2 ... (1)

ox dy
Taking partial derivative of equation (i) with
respect to x,

af x(2ax) - (ax” +by*)x1

ox y{ x? }
of _1{2a—(a+4b) | a—4b

5_5[ 1 } 2
Taking partial derivative of equation (i) with
respect to y,

al:l{J/(%y)—(axz +by2).1}

dy X y?

of _1[8b—(a+4b)] 4b-a

$x_1y2_f[ + }_ 4
From equation (ii)

a—-4b 4b-a

2 4

2(a—4b)=4b—-a

2a—8b=4b—a

3a=12b

a=4b

Hence, the correct option is (D).

=
Scan for RN
Video Solution -. e

RNCHE 4.5
Given: r=x"+y—-z .. ()
Z—xy+yz+y =1 ... (1)

Here x, y are independent and z is dependent.

Taking partial derivative of equation (i) with
respect to x,

2
ﬁ:i(xzﬁ_y_z):ai.ka_y_a_z
ox Ox ox ox ox
I s ... (iil)
ox ox

[Since y is independent]
Taking partial derivative of equation (ii) with
respect to x,
0z

0z
327 —-y+y—=0
ox 4 yax

%)
£(3zz+y)=y

dz __y
ox 3z°+y

.(iv)

From equation (ii1) and (iv),
i =2x- 2y
ox 3z°+y

Atpoint x=2, y=-1,z=1

& =4 _i =4+
ox 3(1)° +(-1) 2
o —45

ax x=2,y=—1,z=1

Hence, the value of % is 4.5.
X
320 [

Given :

IZIISIHdedy

0y X
Limits : x=y, x=mn and y=0, y=m tracing
the limits we get

The strip is horizontal changing into vertical.
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Changing
the order

Z!:!:%dydx
I:I(sijxj[y]z dx:;fsizx vy

I=—[cosx] =—(-1-1)=2
Hence, the value of the given integral is
2.

B

Given : gﬁxdy—ydx .. ()

c

¢ 1s the curve

»X

o] 12345
Here, the curve is closed.
So, we can apply Green’s theorem :

9S¢dx+wdy=ﬂ@—i’—?]dxdy ...(ii)

y
Comparing equation (1) and (ii) we get,
o=y = 2o
dy
y=x = v =1
ox

From equation (ii),

:ﬂ(1—(—1))dxdy=2ﬂdxdy

= 2 (Area of closed curve)
= 2 [Area of rectangle + Area of half
circle]

2
=2 {Basex Hieght + %}

=2{3x2+&1)2}
2

=12+m
Hence, the correct option is (B).

Electrical Engineering : EE

Given: S=| x’dx
-3+ | n+l
=z D Xdy =2 }
-3+1] n+l
2 x" |, AR
1 1
S=—=[0-1]=—
2[ ] 2

The equation of surface is,
S(x, y)=2x+5y-3 ...(1)

The path of integration is,
(x+1)’+(y=1 =2

This represents a circle with centre (-1, 1) and

1
radius 24 units.

Let, x+l1=X=>x=X-1
y=1=Y=y=Y+1

From equation (i),
S=2(X-1)+5 +1)-3
S=2X+5Y

The integral of surface S over a path is given by,

I:”S(X, Y)dX dY ...(ii)

Converting Cartesian into polar co-ordinates,
X =rcos0 and Y =rsin0

Area of elementary portion P,
dXdY =rdrd©
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YA

So, S(r, 0)=2rcos6+5rsin0
Limitof 6 : 0<6< 21

1
Limitof r : O0<r<24
1
Let, o0=2*
From equation (ii),
2n o

I= J.J‘r(2cosﬁ+551n6)rdrd9

1= T{(Zcose+55m9)( ;j }de

0 0

w|9

j (2c0s 0+ 5sin ) d0
0

[2 sin®—5cos 0"

[(2sin 21t —5cos 2T)

e e

—(2sin0—5c¢o0s0)]
3

1:0‘?[—5+5]=0

Hence, the correct option is (D).

The volume of a cone is,

Take (H—-h)=t
Differentiating both sides,
—dh=dt = dh=-dt

On changing the limits,

h=0=>t=H
And h=H=1t=0
2 0
So, :—nR2 tdt
H H
R* 1
V=-"5 x-[ﬁ]‘},
2
V= 7;5 x=[0—H*]
V:%ﬂ:RZH ..(1)

Checking from the options, (A) and (C) are
easily eliminated because the integrating
variable and the function’s variable are different.
Let V, and V, are volumes calculated from

respective options.
Option (B) :

R h 2
VsznRz(l—Ej dh

Vv, = TCRZT(H h)’ dh
Vs = H2 ("j[(H w'l,
V,=- TR [(H-Ry - H*]

3H?

2 3
= (R |
3 H

So, this is an incorrect option.
Option (D) :

R 2
Vo=| 4nrH(1—§j dr

H 2 4
nH ¢
V= ITCRz (l—ij dh V,= Ir(Rz +7° =2rR)dr
H 0
2 H
_TR 4Tcl-l
J(H h)’ dh V,= +7° =2r’R)dr
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4nH Pt P ®
v, = R*—+——-2R—
2

R? 4 3
y, = {R“ (hl—gj—o}
R 24 3
Vo =4—R?XR4><L _Larem -y
R 12 3

Hence, the correct option is (D).

o

1 pon . .
Given : 1:—j sin(t—1)costdt ...(I)
20
Method 1
1 ¢on .
1—2—nj0 sin(f —T)cosTdT
l pon . .
I:—I (sinzcosT—costsinT)cosTdT
2mYo
I=1+1, ...(11)

1 . ¢,
where, [, = 2—s1ntJ‘0 cos  tdt
T

cost p2n .
I, =— I sinTcosTdT
2 <0

. |
Taking, I, = —sin t.[ cos” tdt
2n 0

[1 = LSII‘IZ‘J‘ ZE(M drt
271 0 2

I, =isintD2nldT+J‘2n cos 2t d’c}
2n 02 o 2
I, :Lsint[lx%c}—o =lsint
2n 2 2
Now solving for /,,

cost p2r .
I,=—| ——| sinTcosTtdT
2 <0

From equation (ii),
1 . 1 .
I=1+1,=—=sint+0 =—sint
2 2

Hence, the correct option is (D).

From the property of integral,

'[: f(x)dx = Ioa f(a—x)dx
I=— j sin{r—(2n—1)}cos(2n-1)d*

1 pon .
1 —%JO sin(f+T)costdt ...(1i1)
From given equation (i) and (ii1),

I+1 :szn[sin(t—r)+sin(t+‘c)]c0s TdT
2w Y0

1 pon_ .
2l =—| 2sintcosTcosTdT

2mJo
1 2n
7= s tdt
2w J0
i 2n 1 .
I=Lnt'[ (14+cos21)dt =—sint
4 o 2

Hence, the correct option is (D).
Key point

From the property of definite integrals,
jo F(x)dx = j " fa=x)dx

El »

Given : f(x,y)is defined over 0<x,y <1

The region of integration between the parabolas,
Y =x ...(1)
=y ox=.y ...(ii)

Note : x> y> = The region on the right-hand

side of the parabola y* =x

COSt f2m . > x> = The region above the parabola x* =
I, =- J.O sin21tdt Y & p Y
an From equations (i) and (ii),
" c0s2tdt=0, [ "sin2tdt=0 2 [
cos2tdt= sin2tdt = -
I 0 ’j 0 Y =Y
4
1,=0 y =y=0
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y(»'-1)=0
Yl 20 Yl 30
y=0,1, 11 dx -l dx i
If y=0 then x=0 Since, 1<x<2
If y=1then x=1 20<d—y<30

Thus the point is (0, 0) and (1, 1)
Aky

*=y Dl -

Yy =x
(0,0)\

Limit for x: x=) to x=1./y

» X

Limitfory: y=0to y=1
Volume (volume as double integral) under the
curve f(x, y) is given by,

v =[S rendxay

Hence, the correct option is (A).

N ®
Given: P= I; xe" dx

Applying integration by parts,

Juvdxzu'[vdx—j[diufvdxjdx
x
1

P= J.leex dx :[xex —I e’ dx}

0
P=[xe" —e'];

P=(Ixe' —e")—(0xe’ —e")
P=0-(-1)=1

dx
Only, the number 25 satisfies the above
condition.
Hence, the correct option is (B).

EXN -

Given : The velocity of a moving particle,

T T
v=—cos| —t¢
{3
Displacement of a moving particle is given by,
xX= Iv dt
The particle is started from originat 1 =0s.
At t=0 = x=0
After t=3s,

3

.3 .
x=sin—-sin0 =—1m

Negative sign implies that, the particle has
moved ‘1’ unit to the left of origin.

But x =sin (%tj is oscillating.

The respective distance travelled by the particle
is given in the table below,

Hence, the correct option is (B). . > -
p (B) Time (f)  Position (x) | Distance covered
® - o
; . b — &y2 1 1 1
Given: y=5x"+10x, xe(1,2)
. .y . ) 2 0 2
Differentiating above equation with respect to x, 3 | 3
p _
D —10x+10 ,
dx Total distance covered =3 m
© Copyright 1ead Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 www.gateacademy.co.in
Pyri Branch Office : Raipur e :79743-90037, Bhopal 0 : 83198-88401 www. Eiacebook.com/gateacademy




GATE ACADEMY ®

Integral & Differential Calculus 3.35

Magnitude of net displacement = | -1 | =1lm

Required difference is given by, 3—1=2 m

Hence, difference between the distance covered
by the particles and the magnitude of
displacement from the origin is 2.

El ®

Given :
. 8 pon( 2x—y
() I= Jo (J.y/z ( 2 jdx) dy

(ii) u:zxz_y :u:x—g and du = dx

On changing the limits,

2

y Ty_y
At x==, u= =0

2 2

2()2}+1j—y ,

Atx=Z+1,u: I _y=1

2 2 2
Also, v=1:>dv=d—y

2 2

dy =2dv
On changing the limits,
At, y=0=>v=0
At, y=8=v=4

Then, the integral / reduces to,

I:IO4|:.|.;2udu:|dv

Hence, the correct option is (B).
3.10 W3

Given: [ = J.(2xy2dx +2x"ydy +dz)

Is along the path joining origin (0,0,0) and
(1,1,1).

The equation of straight line passing through
(x,, »» z;) to (x,, »,, z,) 1s given by,

x=0 y-0 z-0

-0 1-0 1-0
Then x=¢, y=t, z=t

dx=dt, dy=dt, dz=dt
Limits of ¢ are from 1 =0 to ¢ =1

Thus, = I (2xy°dx +2x° ydy + dz)

=1(say)

t=1
I= [ (@4 +1dt =

t=0

4

M 214122
4

0

Hence, the correct option is (B).

o

Given : 1:2_[ (Smim}ﬁ
i

—oo

Check if given function is an even function.

sin 27t
f@)= )

—sin2m¢t  sin 2wt
Jon =T 2
S@)=f(=0)

So, given function is an even function.
For any even function, the following property is
applicable :

[ rwde=2| : f(t)dt

Then, the integral / is calculated as,

I:EXZ (szmjdl
o A

4 %( sin 27t
== dt d
nj( t J (i)

By definition of Laplace transform,

L{ O} = [ fyde

From equation (i),

X—Xx - z—z 4% ( sin 27t 4% _, (sin2mt
L _ V=W L _I( dt:-je’—dt
X=X VTN 274 o 4 L 4
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.(i)

s=0

ij-[smmctjdt:iL(stntj
A n t

Let f(t)=sin2mt,

L[ f®]=

21
(2m)’ +s°

Properties of Laplace transform is,
10 freo
t s
From equation (ii), we have

Izi Jm%ds
s s+ (2m) o

N1
n oAmt | s

= F(s)

, > ds
1+(Sj
21 20
1 =£ J‘w—l > ds
S S
1+(j
27 o
1 :%><27{tan‘1 [ij
i 21 |, o

I= i{tan_1 co—tan™’ (iﬂ
T 21 |,

lzi[ﬁ—tan*m)}:ixf:z
mL2 n 2

1

Hence, the correct option is (D).

Volume (volume as double integral) enclosed by
a surface f'(x, y) is given by,

V=] 1(x, y)dedy

By integration or surface integration,

V= jylzo[eq

y 1 5
dy= J.yzo(e —1)dy

vV =(e' =), =(e-D-(1-0)
V=e-1-1=¢e-2=0.71828

Hence, the volume is 0.718.

EAEE 0.99
Given: /= C” xy” dx dy
R
where, C =6x10™* cm

Ya
10

» X

From the figure, the equation of line AB is given
by,

10-2
3.12 W5t y=2=—— (=D
Given : Surface, f(x,y)=¢" 8
. . . y=2=—(x-1
A triangle is bounded in x-y plane by the 4
following lines : y=2x-2+2
xX=y [tangent of 45°] y=2x ...()
x=0 [y-axis] Limits of x : x=1to x=5
y=1 N [parallel to x-axis] Limits of y : =0 to y=2x
_ 2
. (1,1) So, I—ngy dy dx
S p2x 2 p y3 2
. 1=C xy dydx=C|x| —| dx
(0, 0) >x J'l J.O Y ay -! (3}0
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5 5
x 8
1= C!§(2x)3dx: ngjx4 dx

1

5 5
=8| X | coxds o
315 15

I= 6><10’4><1 x(5° =1)=10.999
Hence, value of / is 0.99.

3.14 )
-222)(y* +2%)
Taking partial derivative of above equation with
respect to x,

Given: f(x,y,z2)=(x"+)"

Lo+

X

At point (2, 1, 3),
al =(1*+3%)(2x2)=40
ox x=2, y=1,z=3

Hence, the partial derivative is 40.
3.15 §i)
Given : [ = j (V* +2xp)dx+ (x* +2xy) dy
‘ y

A

(3.0

» X

(3,0

Equation x*+y” =9, is given for circle in the
first quadrant.
From Green’s theorem,

dy 0
@@w+w@o.ﬂ[w jjdd (0
Comparing equation (i) with given integral,

d=y"+2xy and y =x" +2xy

So. Y _2r42y and 2222420
ox y

Put the above values in equation (i),

$ (odx+ydy)
:jj[(2x+2y)—(2x+2y)]dxdy

$ (0dx+ydy) =0

Hence, the value of integral is 0.

Scan for
Video Solution

3.16 WKL
Given: f=2x"+3y’+4z
grad f:ai f +l a.
X 8y 0z

grad f=6x’a,+6ya, +4a, ...(i)

Given line integral can be evaluated in three
parts

2,6,2

6,
I grad f - dr
3

,2

2,-3,2
J-gradf-dfz J. grad f - dr +

-3,-3,2 2, -
2,6,-1

+ I grad f - dr

2,6,2
For line (-3,-3,2) to (2,-3,2), we have to
move along x-axis, so dr =dxa,

grad f.dr =(6x’a, + 6ya,+4a.)-dxa, = 6x>dx

2
[ gradf- dr—j6x2dx 6{3} =2[8+27]=70
M -3

For line (2, -3, 2) to (2, 6, 2), we have to move
along y-axis, so d7=dya,
gradf-d 7 =(6x"a,+6ya, +4a,)
~dya,=6ydy

P 6
[ grad s dr_j6ydy 6{)}}
(2) 2 -3

=3[36-9]=81
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For line (2, 6, 2) to (2, 6,
along z-axis, so dr =dza.

—1), we have to move

grad f - dif = (6x” 4, +6ya,+4a.)
-dza, =4dz

jgradf dr—j4dz [z,
3

=4x(-3)=-12
[erady a7

= Igradf-df+J.gradf-df
M) @)

[eradf-d7=70+81-12=139
Hence, the value of line integral is 139.
3.17 B

Given : Complex integral

= J‘Z+1

z° =2z

z"+1
= '[z(z 2)

The singular points of f(z) are z=0 and z =2.

iy
A
Inside pole

c Outside pole
r'd
* X > X
2

Since, the curve ‘C’ is a circle of radius 1, the
point z =0 will lie inside the circle and the point

z =2 will lie outside the circle.
Residue of f(z) is given by,

z2+1
R =lim(z-0
(/) =lim(z-0)_——>
_O0+1 -l

Using Cauchy’s residue theorem,

l Zé 3) =2mi [Res(f(2))]

= 2m><—1 =—Tu
2

Hence, the correct option is (D).

8

Given: x° +)° =1 ...(0)
(x=D)*+(y=1)7>=r* ...(11)
Differentiating equation (i) with respect to x,
2x+2y & =0
dx
& _=x
dx y

Differentiating equation (ii) with respect to x,

2(x—1)+2(y—1)d—y=0
dx

dy _—(x-1)
dx (y-1
Let m, be the slope of equation (i)
dy X
Cdx y
Let m, be the slope of equation (ii)
dy —(x -1
Cdx (y-1

Since, equation (i) and (ii) intersect orthogonally
each other at the point (u, v)
Therefore, slope of equation (i) and (ii) must be
satisfied at the point (u, v)
Thus, m, = -
v
m, = —(u— 1) l1-u
(v-1) v-1

From the concept of straight line

m;Xm, =—1
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—u(1zu) 1=trn
v \v—1 3
) L =
u —u
o, ] 323
, Hence, the correct option is (B).
u—u" =v- —v
2, 2 (B)
u+v=v-+u ...(111) ) , )
It is given that Given: 2y =x ()
and x=y-4 ...(11)

u” +v* =1 (Since the point (u, v) is the point of
intersection and hence will satisfy the both
equation of circles)
Therefore, from equation (iii),

ut+v=1

Hence, the correct answer is 1.
Key Point

From the concept of straight line, if two line
intersect each other orthogonally them product
of their slope will be

—tanOxcot®=m xm, =—1.

Mechanical Engineering : ME
®

Given: [ = j: e y% dy
Putting y* =¢
Differentiating both the sides with respect to ¢,

3 yzdy =dt

2a’y = ly_;alt _l t%ldt
3 3

1= e 2t
Using the property of gamma function,

_[ : e’t"'dt=Tn

-1

Point of intersection is given from equations (i)
and (ii),

2(x+4)=x"

2x+8=x’

¥’ —2x—-8=0

(x—4)(x+2)=0

x=-2,4
From equation (ii),

y=2at x=-2

y=8 at x=4
V4

(-2.2)
7~

Take vertical strip
Limitofx: x=-2 to x=4
x2
Limit of y : y:7 to y=x+4
Area enclosed by the curve is
X )2
A=
[ dedy
4 x+4
A - J.—ZJ.xz/ZdXdy

x+4 4 xz
2 —J._z(X'l“I-—?JdX

2 374
A= pax-1
2 6,

AIU

Here, n-1=— = n=-—
2
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A=8+16-2_p43-2
3 3

A=18

Hence, the correct option is (B).

©

Given : y:Lx costdt = y=[sint]

xZ

1
y=sinx’ —sinl

Differentiating with respect to x,

Y _ 2xcosx’

dx

Hence, the correct option is (C).

©

Given: f(x,y)=x"+y" =3axy
f(y,x)=y*+x> =3ayx

Therefore, f(x,y)= f(y,x)

The curve is symmetric.

Hence, the correct option is (C).
Key Point

By interchanging x and y if there is no change
then, curve is symmetric about the line y =x.

@

Given : ¢(x)= | 0 Jt dt

2

Mﬂ={%£}=%f

0
Differentiating both sides with respect to x,
Thus, @ = %x3x2 =2x’
dx 3

Hence, the correct option is (A).
o

Given : 1=j05jfsin(x+y)dxdy

Integrating with respect to x,

1= j;[—cos (x+ y)]ogdy

“ (2| —cos| E
I= IO { cos(2 +yj+cos(0+y)}dy
[cos (90+6) =—sin 6]
Integrating with respect to y,

I= If(siny+cos y)dy

/2
0

I =[-cos y+siny]
[=[-0—(=1)+(1-0)]

I=1+1=2
Hence, the correct option is (D).
37 Hi3)
Given : Straight line y =x ..(1)
and  Parabola y = x° ...(1)

[ Method 1 |

The area enclosed is shown below as shaded :
VA

P(1,1)
43 >
3 fo— V=X

» X

0(0,0)
The coordinates of points P and Q is obtained by
solving,
From equations (i) and (ii),

ie., x=x
x(x=1)=0
x=0,x=1

y=0 when x=0
y=1when x=1

Therefore area enclosed is given by,
A= [ (= y,)dx

Azj.olxdx—_[olxzdx

© Copyright

Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 ~www.gateacademy.co.in

Branch Office : Raipur e :79743-90037, Bhopal g : 83198-88401

www. Elacebook.com/gateacademy




GATE ACADEMY ®

Integral & Differential Calculus 3.41

]
0 0
111
2 3 6
Hence, the correct option is (B).

[ Method 2 |

The area bounded in xy-plane by the following
line
y=x [Tangent of 45°] ..(0)
y=x ...(11)
[Parabola symmetry about y-axis]
From equations (i) and (ii),

ie, x=x
x(x—-1)=0
x=0,x=1
VA
P(1,1)
//”§~
SA forv=x
> X
0(0,0)

Limitofy: y=x" to y=x
Limitofx: x=0 to x=1
Area enclosed by the surface is given by,

A= [[dxdy

N

1 1
A=.[0|yx2dx=jo(x—x2)dx
A[__} 1l

2 34 2 3
4=

6

Hence, the correct option is (B).

El o

and  y=a(l—cos0) ...(1)

Differentiating equations (i) and (i1) w.r.t. © on
both sides,

ﬂ=a(l+cos9), Q=asin9
do do

By chain rule,

Q_dy/de
dx dx/do
Q_ asin®  sin®

dx a(l+cos0) " 1+cos@

3} eo(3)
2sin| — |-cos| —
Q_ 2 2) 0

7 0 =tan—
X 2cos’ (j 2
2
Hence, the correct option is (C).

El »

Given : V:j:“jfj;ﬂ sin o dr do do

Integrating with respect to 7,

=] :”jg ﬂl sinddodo

0

V:'[()z"'[;—ﬂsinq)dq)de

Integrating with respect to ¢,

_1 2n g
V_Ejo [—cosq)]odﬂ

y=<1" % a0
370 12
Integrating with respect to 0,
v =dxLian-o]
3 2

V:l><l><21t=E
3 2 3

Given : x = a(0+sin ) ...(1) Hence, the correct option is (A).
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@

Given: [ = J._a (sin’® x +sin’ x) dx
I=["sin®xdx+[" sin’xdx ..(0)
By the property of definite integrals,

2j0" F(x)dx ; f(x)is even

Ia f(x)dx =
- 0 ; f(x)is odd

sin®x is even function and sin’x is odd
function.

Therefore, J.a sin’ xdx=0

'[a sin® xdx = 2J.: sin® x dx
From equation (1),
1= 2J‘asin6 xdx
0
Hence, the correct option is (A).

@

Given: I=[ [ f(x, y)dy dx )

1= jp" F(x, y)dy dx ....(ii)
From equation (i),
Limits of integration :
Limitof x: x=0 to x=8

Limit of y : yzz to y=2

It gives variable limits for y. Therefore
Ay

For changing the limits take horizontal strip,
Ay

Therefore, limit of integration :
Limitofx: x=0 to x=4y
Limitofy: y=0to y=2

1=["[" fx.y)dydx .. (iii)

Comparing equations (ii) and (iii),
s=2,p=0,g=4y and r=0

Hence, the correct option is (A).

Scan for
Video Solution

@

Given: [ = jog e'dt

I:|:e_ft:|n/3
l 0

[By Euler’s theorem, e = cos0+isin 9 |

.. /3
I_{costﬂsmt}

l 0

i|2 2 |
I = _l+£ = £+ll
2i 2 i 2 2

Hence, the correct option is (A).
®

Given : yz%xy2 ...(0)

© Copyright

Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 ~www.gateacademy.co.in

Branch Office : Raipur e :79743-90037, Bhopal g : 83198-88401

www. Elacebook.com/gateacademy




GATE ACADEMY ®

Integral & Differential Calculus | 3.43

Length of the curve is given by,
2
1 dy ..
L= 1+ — | dx ... (1
(%) i

Differentiating equation (i) with respect to x on
both sides,

d_y:{zxéx;_l} — 2
dx

From equation (ii),
L= Iol Vx+1dx

Let x+l=y
dx=dy

For x=0,y=1
x=1,y=2

2 o, 21 s
Therefore, ,[1 Y dy—g[y ]1 =1.22

Hence, the correct option is (D).

Scan for
Video Solution

L (D)

Checking from the options,
From option (A) :

T
n /4
J(;‘ tan x dx = 10g|sec x|0

= log‘sec 45° —sec 00‘ = log‘\/i —1‘

[Bounded]
From option (B) :

J.: xzdj-l = [tan"1 x]:

1

_ _ T
=tan 'eo—tan ' Q==
2

[Bounded]
From option (C) :

I: xe “dx = [—e‘x (x+1) ]: =1
[Bounded]

From option (D) :

1 d 1
.[o (l_xx) :ll’l(l—x)|0 ZIH(O)_ln(l):_oo

[Unbounded]
Since In (0) is unbounded therefore, option (D)
satisfies.
Hence, the correct option is (D).

i (A)

Given : / :”xy dxdy
P

Equation of line passing through (0,1) to (2,0)

P x=2-2y

> x

(2,0)
Taking horizontal strip therefore limit of
integration is,
Limitofx: x=0 to x=2-2y
Limitofy: y=0to y=1

So, the required integral is,

1= I; J-(:Hy) (xydx)dy

==

1
I:jO%(Z—Zy)zdy

1
I=[ 2y(1-yydy

1 2
1=f02y(1+y —2y)dy

1
I=L)(2y+2y3 —4y*)dy
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¢ gy 4 @’
I:|:y2 +2L_4L} :1+l_i —§(4)3/2—ﬂ
4 3 2 3 X
I 1 I= 16
6 3

Hence, the correct option is (A).

E e E
Scan for v
Video Solution

EE (A)
Given : Curve | : y> =4x
Curve2: x =4y

x2:4y

@ (4.4)

AV

@ ¥y =4x
Intersection points of curve 1 and 2 :

Y =dx= 4\/5 = 8\/;

Y =8x8y = y(3»’ —64)=0

y=4and y=0
Then x=4 when y=4

x=0 when y=0
Therefore intersection point are 4 (4, 4) and O
(0, 0).
The area enclosed between curves 1 and 2 is
given by,

1= (n=y)d

I=| ( 4x——jdx

3/2 3 ¢
=22 2
3/2 4x3 0

Hence, the correct option is (A).

Area enclosed in xy-plane by the following

curve,
y* =4x (1)
[Parabola symmetry about x-axis]
x =4y ...(11)

[Parabola symmetry about y-axis]
From equations (i) and (i1),
2

x =4y

x> =4+/4x

x*=16x4x

x(x’ —64)=0
Therefore, x=0 and x=4

Taking vertical strip therefore limit of
integration is,
Limitofx: x=0 to x=4

2
Limit of y : » :% to y=+/4x
Area enclosed by the curve is given by,
X N2
I= dxd
J. I, &

1j|

J. 2\/;——dx

2/4
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e 2 [ reoax=2]" f(x)dx, foreven
3/2 12
0 =0, for odd
I = [ﬂ )’ _ﬁ} = 16 Hence, the correct option is (D).
3 12] 3

Hence, the correct option is (A).

Scan for
Video Solution

3.20 W)
Refer Solution 3.7 [Mechanical]

il (D)

Given: y= Jx
The volume of a solid generated by revolution

about the x-axis, of the area bounded by curve
v=f(x), the x-axis and the ordinates x=a,

y=b is,
V= Ibny2dx

Here, a=1,b=2 and y:\/;:>y2=x

2
szl T dx
21 = L2
V=r— =—[x]
2| 2t
=T =3
2 2

Hence, the correct option is (D).

N (D)

Given : / =r 1fx2 =[tan‘1 x]m
Tt —

I =tan™'(e0) —tan ™' (—oo)

[T [—_ﬂ .
2 2
Hence, the correct option is (D).

®

For any even function f(x), property of integral

is,

Scan for
Video Solution

1:jf&ln(x)dx:jleln(x)\/}dx

(D D
Integrating by parts,
l+1 l+1 :
2 1 2
I=||In(x) f ~[~ f dx
—+1| " =41
L 2 2 |

[ 3 3
1= 2x2 ln(x)—ﬂx2
3 9

1

3 3
I= ge2 —ie2 —(O—EJ
3 9 9
2 4
=24 +=
9 9
Hence, the correct option is (C).

322 JU

Given : [ :Jz (x=1)*sin(x—1) dx  ...(1)
0 (x—=1)* +cos(x—1)
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Method 1 o 2
Let, (x—1)=¢ I=|—~e

0
=(t+1
e 1—£—e2—l+1

At x=0, t=-1 5 >
At x=2, t=1

t smt
I= I d
t* +cost
[(£*sint)/(¢* +cost) is an odd function,
therefore integral is 0]
t*sint
= '[ =0
142 + cos t

Hence, the correct option is (B).

By the properties of definite integrals,
jo F(x)dx= j " fla=x)dx

:J.Z (2-x—1)’sin(2—x—1)

> dx
0 (2-x—-1)"+cos(2—x—-1)

So,

-’ A-x7sind-x) , o
0 (1-x)*+cos(1-x)
From equations (i) and (ii),
I=-1
I+1=0 = 1=0

Hence, the correct option is (B).

EfREsE
Scan for T e
Video Solution ]

2
1= JO e'(e" —1)dx

1= Jj (e —e")dx

1 1
I=—(e' =2+ ==(*=1)*
2( ) 2( )

Hence, the correct option is (B).

324 J@
Given: x=)’, 0<x<1

Volume of revolution about x-axis is,
b,
V =J. Ty dx

Here, y’=x,a=0,b=1.

1

V= jnxdx n[’;} :%[1—0]:-

0
Hence, the correct option is (C).

m 2.097

Given : Integral is [ = I lex(ln x)dx

e

2
| x(lnx)dx:{lnxxx—} -f LIRSS
1 2 1 I x 2

[Applying Integration by parts]

e 1] 12
=|In,ex——In, IX—|—=| —
2 21 2024

2 2 2
J.x(lnx)dxze——l[e2—1]:e__e_+l
! 2 4 2 4 4
2
=< L5007
4 4

Hence, the value of the definite integral is 2.097.

Ea ©

To find the transformation matrix for mirroring a
point along the line y=x, considering two
points, first on x-axis point p with coordinates (1,
0) and other on y-axis point g with coordinates

(0, 1).
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y y

0,1)sq

(1,0)

When we take the mirrors of these base factors
about the line y = x, then we get the coordinates
of mirror of point P as (0, 1) and the coordinates
of mirror of point ¢ as (1, 0). Hence, the
transformation matrix is obtained as

it

Column 1 — Coordinates of mirror of p
Column 2 — Coordinates of mirror of g
when this matrix is multiples with any shape in
XY-plane then it will give the coordinates of
mirror of that shape about the line y =x.

Hence, the correct option is (B).
™

Given: [ = j T xy’ dydx

x=0 y=0

Changing the order of integration
v y

A A

@D 1 (1,1

y=x x=\/;

> X » X

(0, 0) 1 (0, 0) 1

New limits after changing the order of
integration are given by,

y to x=1

and, y=0to y=1

I = j J- xy” dxdy
y=0x=\[y
Hence, the correct option is (D).

320 JO

T/2 cosO
Given : 1=j jrsinedrde

0 0

0 L r=0

/2 r2 cos0
I= j (—j sin 040
0=0 2

0

/2| cos6
I= j[ j rdr}sinede

/2

I:l j sin B cos” 6d0
25

Now, using Gamma function with m=1, n=2.

1+1(2+1

2 l_!» F 1

2 1+2+2 F F 6
2 2 212

Hence, the correct option is (C).

[\S)

e
I:Jsinmecos”edez 2 12
ou0 ) m+n+2
2
[n+1=nln if n is fraction

Civil Engineering : CE
@

Given : Parabola, y° =8x ..(1)
Line, x=2 ...(1)
Solving equation (i) and (i1),

Y =8x2 = y'=16

y=14
Thus common points are (2,4) and (2,— 4).
y4 x=2 )
y =8
P2, 4)
©,0) 20
I~ P@2,-4)
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V, =Volume generated by revolving y’ =8x
between y =—4 and y = 4 about y axis.

2
V2 4 2
Vo= | midy= .[_47{%} dy

N

v 4 T y4 T ys '
-4

K:&x[45+45]=32?n

V, =Volume generated by revolving x=2

between y =—4 and y =4 about y-axis.
V2 4
v,=] midy=] maf dy
v, =4n[y]*, = 4n{4+4]=32n

Required volume=V, -V, =32n _32?75 = %

Hence, the correct option is (A).

A

Scan for
Video Solution

Key Point

(1) Volume revolved by x-axis,
L
V.= I Ty dx
(i1))  Volume revolved by y-axis,

v, =I:nx2dy

©

Given : I=I log x dx

I:j log xx1dx

Applying integration by parts,

J. %(};)dx =uJ.vdx—I(%(u)Ivdedx

I=Ilogx>< 1 dx
(n  dn

I= 1ogledx—j(%(logx)xijjdx

I=10gx><x—_[ (lX)cjdx

X
]=xlogx—jdx

I =xlogx—x+C [Since, C =0]
I =x(logx—1)

Hence, the correct option is (C).
Key Point
Applying integration by parts,

d

_[ (ul)(};) dx = ujvdx—j(a(u)jvdxj dx |
By ILATE’s rule preference of function is
decided.
I = Inverse function (sin™' x, cos™ x)
L = Log function [ log x, log(1+x)]
A=Algebraic function (x> +1)
T =Trigonometric function (sin x,cos x )

E = Exponential function (e*, ™).

3.3 N

Given : Parabola, 2y = x° ..(1)
Line, x=y—-4 ...(11)
x+4=y

Put the value of y in equation (i),
20x+4)=x"
x'—2x-8=0
x=4,-2

When x=4 then y=8.
When x=-2 then y=2.

Thus, the common points are (4,8),(-2,2).

Va y:x_

2
(4.3)

(2.2)

0.0)
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4 x+4 4 . VA
Area :J‘J‘dydx = I j dydx = j[y]); dx A2, 4)
2 2 2 2
y > /qju
4 2 2 34 ﬁ/
Area:'[ x+4-2|ax = x—+4x—l><x— y=x
s 2 2 2 3], > X
(0, 0)
Area = Therefore,

42_#+ 4[4 —(—2)] —%[43 - (—2)3 ]]

Area =[6+24-12] =18

Hence, the correct option is (B).

Given
2 p2x d d _ 2 y=2x d d
J I reendyax=[_ [~ f(x.y)dydx
y=2x ...(1)
y=x ...(11)

Solving equation (i) and equation (ii),

x*=2x

x*=2x=0
x(x—2)=0
x=0,x=2

When x=0 then y=0
When x =2 then y=4

Thus, the common points are (0,0) and (2,4).

VA
A2, 4)

(0,0

To change the order of integration, change the
horizontal strip to vertical strip or vice-versa.

y=4

IOZ Iz S (x,y)dydx = L . j:f f(x,y)dxdy

Hence, the correct option is (C).

El ®

Given: y=x, x=4, y=0

VA
/P(4, 16)
y=x
—» x=4
- —
g 0, 0) g

At x=4,y=x"=4"=16
Thus, the common point is P(4, 16).

4 y=x2
Area bounded by curves= IO j , dxdy
.

4
T LA X 64
Io[y]o dx—jox dx—{?l——

Hence, the correct option is (B).

Eg5atm
Scan for EIRE
Video Solution St

Bl o
Given: f(x)=¢"
f(=x)=e"
For odd function, f(x)=-f(—x)
For even function f(x)=f(—x)
Therefore, f(x)is neither even nor odd.

Hence, the correct option is (C).

© Copyright

Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 ~www.gateacademy.co.in

Branch Office : Raipur e : 79743-90037, Bhopal e : 83198-88401

www. Elacebook.com/gateacademy




GATE ACADEMY ®

3.50 | Engineering Mathematics
3.7 (A) ¥) = sin 2x
i S 1+cosx
Given: [ = IO4 cos’ xdx Flex) = sin(2x (—x))
1+ -
[cos 2x=1-2sin’* x =2cos’ x—l] cos(=x)
f=x)= sin(=2x) _ —sin2x

dx =—| x+
2

I=J~§1+coszx 1 sin2x "
0 2 2

0

| sin2><E
]:l £+ 4

214 2
]—l_£+l}—£+l

204 2| 8 4

Hence, the correct option is (A).

©

Given : I=lelnxdx=fllnxx x dx
0 O m
Applying integration by parts,

1= lnxxjxdx—j(%(lnx)xjxdx}dx

- x? 1 x° 1
1= lnxx——_[—x—dx}
2

r 2 L
I lnxxx__x_}

1 1
I =In(l)X———-0-0
@ 2 4

r=oxt-L1-_1
2 4 4

Hence, the correct option is (C).
BN ©

T
Given : I:J‘ZR
- 1+cosx

sin 2x ax

1+cos(—x) " 1+cosx
{Since, sin(—0) = —sin 9}
cos(—6)=cosH
Since, f(x)=—f(-x)
Hence, it is a odd function.

T o¢in?
Therefore, jz S 2y

S 1+cosx

dx=0

Hence, the correct option is (C).
[ Key Point
By the property of integrals,

it (—x) = £(x)

a B ZJ 0 S (o Even function
[ = . ==/
Odd function
3.10 W7\
Given : P(3,-2,-1), 0(1,3,4), R(2,1,-2),
0(0,0,0)

Equation of plane OQR is given by,
X=x, y-y  z—-z

X=X, V,—¥, z,—-z|=0

X, =X, V=Y Z;—Z

x=0 y-0 z-0

1 3 4 1=0

2 1 -2
x(=6—-4)—y(-2-8)+z(1-6)=0
—-10x+10y—-5z=0
—2x+2y—-z=0

2x=2y+z=0
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Distance from point P(3,-2,—1) to the plane 3.12 B

OQR is given by, Given : r=a .G
|2x3—2xoa)+c4ﬂ |6+ r=2acosf ...(ii)

+4-1_ o
| e |
Hence, current option is (A).

[ Key Point
Distance of a point (x,, y,, z,) from a plane

=)
=
.

ax+by+cz=d is given by,
ax, +by, +cz,+d
\/a2 +b* +c

D=

©

Given : [ = cﬁ(xydy —yidx) = qS(— y2dx + xydy)
C C
According to Green’s Theorem,

qg(q)dx+\udy) J.j[ Ld a(I)ja’xdy

dy
...(1)
where, y =xy, ¢=—)’
oy I5L0)
—_—= ’—=—2
ox yay 4

1= ¢ (=y dx+ xydy)
C

1 1

=] Lol
1 1

(j) (=y°dx+xydy) = L:o L:o 3ydxdy
C

2 ! 1
Pridx+aydy)=[  3yxldy
C

f(~ydx+xydy)= [ 3ydy
c =0

1

Cﬁ(—yzdx +xydy) =3 {y?} =

0

Hence, the correct option is (C).

Scan for
Video Solution

Equation (i) represents a circle with centre (0,0)
and radius equals to a.

Equation (ii) represents a circle symmetrical
about OX, with centre (0,a) and radius equals

to a.

0.0 A V1@o )

Solving equation (i) and (ii),

a=2acos0
l=cos6
2
o=l
3

Required area
=2xArea of OAPQ [by symmetry]

= 2[Area of OAP + Area of OPQ)]

a
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Required area

]

a’n 44’ sin 20 |2
= + 0+
3 2 2 n
3
2 Sin2><E
:Ll_TC+2az £+—2_£
3 2 2 3

2
I V3
) N2
_Cl_TC+2a2 E+O_E_L
L2 3 2
:az_n+2a2 E_ﬂ
6 4
BT .S N B N e, S
3 3 2 3 2
=1.228a’
Hence, correct option is (D).
3.13 Hi3)
Given : I:.[Lntdt
0o !
Laplace transform of sin¢ is,
L|sint|=
[ ] st +1
_Sint_ ©° 1 -1 o
Ll — |= ds =|tan" s
. 'L st +1 [ l
L sinf =tan'co—tan”' s
L 7 ]
L3 fans —cot™' s
Lt | 2
|3 re’“ S = cot™' s
L ¢ | 0 t

Put s =0,

w o, Sint _
.[0 e " dt=cot™ 0
t

= sint T

0 ¢ 2
Hence, the correct option is (B).

[ Key Point

(1) L(sinat) =

2 2
s"+a

(ii) L[@} = | T X(s)ds

Qi) | L =L tan (fj

2
X" +a a

a
3.14 NN
I=jj(6—x—y)dxdy
00
I:j ji(6—x—y) dy}dx

2 3 2 3
2 3 3
,{6 3__3__1x3_}
2 3 2 3
9

I=27—9—5=18—4.5:13.5

Hence, the correct option is (A).
3.15 ;)

2

Given : y=4hz—2 ...(0)

The above equation is a parabola. i.e. symmetric
about y-axis. Hence the length of cable is
symmetrically distributed about x-axis (i.e. even
function).
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L

l¢ »
»

L 2
Hence, length L =2 .[02 I+ (%) dx
X

2
Since, y= 4h%
Differentiating both sides with respect to x,
dy _4h 8hx

X2x ="
dx L2

h2 2
Therefore, L = 2.[ 1+ 64

Hence, the correct option is (D).

Key Point

(1) The length of the arc of the curve
v = f(x) between the points where x = a

andx=5b1s
J 1+( yj dx

(i)  The length of the arc of the curve
x= f(y) between the points where y =

aandy=>bis

2
b dx
1 -
Ia +{dy} dy

3.16 M)

Jx

Given : I=r—dx ..(1)

0 Jx+a—x

By property of integral

j Ja—x+f ...(ii)

Adding equation (i) and (i1),
Jx

1+1=j“—dx

0\/;+ax

, mw
21= [ P

21:j0 dx =[x]' =a

=%
2

Hence, the correct option is (B).

il (B)

Given : I =|cos*30sin’60d6

c'—.@\;;

I =|cos 39(2sm3ﬂcos39) do

oe—,a\m

[sin24 =2sin Acos 4]

i

6
1= I8cos 30sin’ 304 0
0

Let 30=¢, 3d0=dt
When 6=0,7=0

3
1= 8_[ cos’ tsin tﬁ
0 3
o3
I:—jsin3tcos7tdt
3
Here, m=3,n="7

_8{ (3-1)x(7-1)(7-3)(7-5)

T3 (3+7)(3+7-2)(3+7-4)(3+7-6)(3+7-8)

8 2x6x4x2 1

3710x8x6x4x2 15
Hence, the correct option is (B).
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Key Point

By the property of integrals,

sin” x cos” xdx

S o | 3

3.18 N9

"2 cosx+isinx
Given : [ = J‘fdx
. Cosx—isinx

/2 ix /2

1= I :_ix dx = J' e*dx
1 w2 ]

0 0
1= [ =[]

I:i‘[cosnﬂ'sinn—l]

2i
I =i[—1+o—1]=_—2=i
2i 2i
Hence, the correct option is (C).
3.19 N(:))

Given :

(2,0)

A
Y

Put y=-1,

x=—(-1-]-1p=2=(2, -1
From option (C) :

x=y+)
Put y=-1,

x==1+|-1]=0=(0,-1)
From option (D) :

x==(y+[)
Put y=-1,

x=—(=1+]-1))==(0)=0 = (0,-1)
Only option (B) is valid option for given figure.
Hence, the correct option is (B).

®

Since, the number of cycles to failure decreases
exponentially with an increase in load. The
general equation is given by,

y=ne ™
where, y = number of cycle failure and x is load
Given: y =100 and x =280
Therefore, 100 = ne *"" ..(1)

When load is halved, it take 10000 cycle for
failure.

10000 = ne " ...(11)
(0,-1) From equation (i) and (i1)
f v 100 — e40m
From figure, o 10100 i
x=0,y=0 m
x=2,y=-1 For 5000 cycles to failure,
From options (A) : 5000=ne ™" ...(1v)
Xx=y— | y| From equation (ii) and (iv),
2= em(x—40)
Put y=-1,
m(x—40)=In2
x=-1-]-1=-2=(-2-1) From equation (iii),
F tion (B) : In2
rom option (B) c_a0=1n2
x=-(-]) m
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vd0=122 40
In100

v—40=20% 40
4.605

x=46.02

Hence, the correct option is (B).

®

1 sin x

dx

Given: /= e+
.[0 1+x° jo X
Let [=1,+1,,
where, I, = j -1 dx =[tan™" x|
! 0 1+ x? 0
I, =tan'oo—tan™' 0
T e
11 = ——()=—
2 2
~ Sin x
2_.[0 X d
L[sinx]=—; "
[sinx| F 1
L = dx =[tan”' s]”
| x| '!s2+1 *
[sinx | _ _
L Y | =taneo—tan~' s
- x -
[sinx] = _
L Y= _tan's =cot™'s
L X 2
[sinx] ¢ _.sinx _
L :je w2 dy=cot’'s
| X 0 X
Put s=0

Ie"ox Y v =cot™! (0)
X

0

a

Tsinx
I,=|——dx=—
: l. X 2
Hence, I =1 +1, :§+E =T
Hence, the correct option is (B).
522 O
Given:y=x"+1

x+y=3

...
...(if)

From equation (i1),
y=3-Xx
Put the above value in equation (i),
3—x=x"+1
X +x-2=0
(x+2)(x-1)=0
x=-2,1
When x=-2, y=5
When x=1, y=2
Thus, the common points are (-2, 5) and (1,2).

1 3

Area= jjdydx = J :[x dydx

x==2 y=x’+1

1 1
Area = [ [y dr= [ (2—x—x")dx

x==2 x==2

2 3!
Area= 2x—x—— i
2 -2

Hence, the correct option is (B).

E o

Given : Curves x> =4y and ) = 4x
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X ¥ o4y Checking from the options,
V' =dx From option (B) :

R

Angle between the curves is angle between the
tangents at the point of intersection. i.e. 90°
Hence, the correct option is (D).

N 8533

Given : x* =8y ...(0)
y=_8 ...(ii)
From equation (i) and equation (ii),
x’ =8x8=064
x=18

When x=8, y=8
When x=-8, y=8

Thus, common points are (8,8) and (-8,8).

y‘k
(-8.8) Y=8 Js8)
x'=8y
0,00 >

g8 8
Area:.[ J.
-8

.
y8

; x* 1 X ’
Area= J(8——]dx = {8x——x—}
% 8 8 3 s

3 Q)3
Area =8><8—l><8—— 8><(—8)—l><( 8)
8 3 8

3
Area = 64—ﬁ—[—64+ﬁ}
3 3

8
dy dx = j[y]s L dx
8 y==

8

Area = 128—% =&85.33

Hence, the area between the curves is 85.33.

325 QU

Given: f(x)=2x"+3x-5

Put x=1,
f)=2x1"+3x1-5=0
Since, x =1 satisfies the given function f(x).

Therefore, (x—1) is a factor of given function

S (x).

Hence, the correct option is (B).
326 JC)
Given: f(x)=e ™
g(0)=[ f(x)dx = [ dx
2(x) = j e e dx ...(0)

Put e* =¢,
Differentiating on both sides,

e " (—=Ddx=dt
e “dx =—dt
From equation (i),

g)=[e"(~Dar
g(t) = [~e'dt =—(e™)(-1)
gt)y=e"

Put 1 =e" in above equation,

g=e*
Hence, the correct option is (B).
Sl (A)

1 =1 2
Given : 1=j(sm N 4

Oﬁ X (1)

Let sin'x=¢

dx=dt
1—x?

When x=0, t=sin"'0=0

When x=1, f=sin"1=2

© Copyright
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From equation (1),

T

2
I:jtzdt
0
3 /2 3
I = r =l (Ej -0
3], 32
L _n
3 8 24

Hence, the correct option is (A).

El e

T
. 2
Given: [ = Io xcos” x.dx

I J- (1+cos2x)dx

= J.( += cost)dx
X TX
I=J.0 —dx+IO —cos2xdx
I:—{—} +— I xcos2xdx
0 an
2

I:TE1 +;{ szx—_[(—(x)xjcosbcjd }

n* 1] xxsin2x cos2x |
— 4= +
4 2 2 4 |,
T 1[1 1 1t2

_ + —_ —_-—— —_

4 204 4] 4

Hence, the correct option is (B).

I =

T T
I= nj cos? xdx —Ixcoszxdx
0 0

]=TCJ.OECOSZ xdx—1

21 = n_[ cos® xdx
0

/2

21 =2n_[ cos’ xdx

2
21 =2m BB | op BT
2 2 4 2
==
4
Hence, the correct option is (B).
[ Key Point

By the property of integrals,

2, fodx, S (2a-x)= f(x)

Q) [ e ={
0, iff(2a—x)=—f(x)

/2
(i1) [ _[ cos” xdx == (n-1)(n-3)......
0 2 n(n=2)...
[if n=even]
VA (A)
Given : Equation of elhpse + Z_z —1
a

T
1= Ixcos xdx
0
T
I= j (—x) cos’ (1t — x)dx
0
[By definite integral property]
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‘ 9-47[4-171-0
Area of Rlzj'é\/(f_xz dx V=8[ }[ }[ }
0 a 2 2 2
Area of V_8><5><3><1
bl x a’ ‘ 8
R =—|=a* —x*+—sin'| =
1 a{z 2 G, v =15
b & = Hence, the correct answer is 15.
Area of R, ==X=-x7 Instrumentation Engineering : IN
Tab
Area of R1 = T 3.1 (B)
Area of ellipse L
nab Given: |—dx
X

=4x(Area of R)) :TX4 =Tab

Hence, the correct option is (A).

G0 I

1
Given : [ = I xelldx

-1

Let £(x)=xe"

&

f(=x)= —xe™ = —xe

f(x)=—f(—x) implies f(x) is an odd
function
So, from properties of definite integral

I f(x)dx=0,if f(x)is an odd function

1
= J.xe‘x‘ =0
-1
Hence, the correct answer is 0.
XMIW 15
Given : 7 =[2,3]x[1,2]x[0,1]

x—>2to3, y—>lto2and z—0tol

Volume

= j J IV 8xyzdxdydz = 8J3. xdx xi ydy XJI. zdz
2 1 0

2P 273 2!
2 5 2 X 2 o

-1

Graph of given function Lz is shown below,
X

1
A —
X

» X

From the above graph, it is observed that the

. 1 . .. .
function — IS discontinuous at x=0.
X

Since, the limit of integration consists x=0,
1
: 1
therefore value of integral j—zdx does not
X
-1

exist.

Hence, the correct option is (B).

Method 2
R ol
lim I—zdx+ lim —zdx
m—0" X m—0* ©X

Function is discontinuous and hence its value
does not exist.

Hence, the correct option is (B).
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El

Given : p=cos’0 ..(1)
where, 6 = Angle made by the tangent with the
positive direction of the x-axis.

dy

—=y'=tan0 ...(1)

So,
dx

"

_ Yy
[1+(y)*T"
From equation (i) and (i1),

"

_y
[1+ tan> 9]3/2

n

Y
[sec? 6]
d’y
dx
Integrating both sides,

and p=

cos’Q =

30— ] 3
cos 0= =5 =y"cos’ 0

" __

d—y=x+C
dx

Integrating both sides again,
2

y=%+Cx+D

Above equation represents family of parabola.
Hence, the correct option is (B).

El o

Given: [ = Ije eydxdy

U fﬁ}@

e dxxT d dy

1

=l
|

Let 1, :J.e_xzdx and 7, =J.e_y2dy

0 0

I=1xI, ...(1)
Calculation of /, :

I = Te"zdx
0

Let x*’=t = 2xdx=dt

-1

"o 2
Changing the limits,
x=0=1¢=0
X=o00o=> [ =00
212, 15 .
Then, Ilzj—tze dtz—Ie
0 2 2

0

;1
‘t2dt .. .(i)

By the definition of Gamma function,

oo

I'n= J.e’xx”’ldx ...(111)
0
Comparing equation (ii) and (iii),
1
n-l=—— = n=-—
2 2

Similarly, I, =—

From equation (i),

[=1x1,
jdm n_m
272 4

Hence, the correct option is (D).

El ©

Given: y=x"+2x+10

Differentiating both sides with respect to x,

d—y=2x+2
dx
At x=1,
d_y =2xH)+2=4
X x=1

Hence, the correct option is (B).

El o

Given: ¢ "™ ; x>0
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From the property of logarithm,
alog, m=log,(m")

1
- -1 10g67 1 —
SO, elogex:elogé,x —e x:_:xl
X
Hence, the correct option is (C).
(D)

i
Given: [ = J(l tanxj

1+tanx

sin x

T
7| 1=
1= | —cosx |y
Sin x
ol 1+
COS X

cosx—sinx
I = I( jdx
cosx+sinx

Let cosx+sinx=¢, (—sinx+cosx)dx =

Changing the limits,

x=0=1r=1
x:E:M:x/E
4
2

Then, [= J.;dt

1
1=[Int}* = In(~/2) - In(1)
1
=In~/2 =In(2)? = %mz
Hence, the correct option is (D).

T
w4 tan——tanx
1= I 4 dx
b
0 1+tanz><tanx

/4

1= Itan(ﬁ—xjdx
0 4
/4

1= I tan x dx

dt

I=[logsecx]"
T
I =log secz— logsec0

I=logx/§—log1=%1n2

Hence, the correct option is (D).

Scan for
Video Solution

©

Given : j. j. f(x,y)dxdy

y=0 x=0
Limits of x :

Lower limit, x=0
Upper limit, x=y
Limits of y :

Lower limit, y=0
Upper limit, y =a

yh
(0, a) (a, a/
x=0) x=y
0,00 =0

The given limits in the question are according to
horizontal strip.

By changing the order of integration, according
to the vertical strip, new limits are given by,
Limits of y :

Lower limit, y=x

Upper limit, y =a

Limits of x :

Lower limit, x=0

Upper limit, x =a

So, I = j. j.f(x,y)dydx

x=0 y=x
Hence, the correct option is (C).

Scan for
Video Solution
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El ®

Given Y-axis intercept ¢ =—y

Slope m= dy y2 yl
X .X' .Xfl
y= mx+c

=20+ )

dy _
xa =2y
dy _2dx
y X
Integrating on both side,
J' dy J‘ 2dx

my—2mx+mk
[Where, k = arbitrary constant ]

In y =In(x’k)

y=xk
yoex®
y=hx’

Hence, the correct option is (B).

El ©

Given : x-axis intercept =a =-0.5

y-axis intercept =b =1

The two coordinates where the line passes from
are (x;, y;) and (x,, ,)

The equation of line passing from two points is
given by,

(y— y1)_(( X, yll)) (x—2x)

Putting the values of x, y,, x,, y, in above

equation, we get

1-0)
(- )_(0 +0.9) (x+0.5)
y—1=2x
y=2x+1

Hence, the correct option is (C)

Chemical Engineering : CH

®

For an even function, f(x)= f(—x)

Hence, the correct option is (D).

Put x=cosO

dx=—-sin0d0o
y=sinb
dy =cos0d0

Where, 0 varies from 0 to 27.
I Cﬁ{ sin®
sin”0+cos’* 0

sin? 0+ cos’ 0

I —sin? 0 —cos’ 40
sin? O + cos’ 6

(— sin 0)d0

s c0s0) de}

I {—sm 0—cos’ }de
sin? O+ cos’ 0
_ Cﬁ sin’ 0+ cos’ 6 40
sin’ 0+ cos’ 6
I =—<j>d9 since, sin’ 9+00529=1}
2
I=-[0] " =-

Hence, the correct option is (A).
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m (D) which can represented as M
2 iy X
Given:/=|— | x|
X Thus, d—|x|
fx)=x i
, Hence, the correct option is (A).
F(3)= () =

Since, f(x)=f(-x)

Therefore, f(x) is an even function

= 2j__22{ 2+1}2
]
ofi]

El o

Given: [ = j(—xy”dx +x"ydy)
By Green’s theorem,

_qfl(om) (R
where, F| = —xy” , F,=x"y

oF, (x ) = nx"
Hence, the correct option is (D). ox ax Y "y
(A) oF, _
Ex LI
Given : |x| y oy
|x| can be represented as, So, I= _U nx"_1 y+nxy"”! ) dxdy
[ Va
(1,1
%
3y
~ x4 ; >x @ol  wLo
X x> 0 x
|x|_ -x, x<0 So, I= n_f _[ x" y+xy )dxdy
x=0 y=0
xn—1y2 Xy *
—|x| =—=1,x>0 2 n
dx dx 0 0
i|x|=__dx=_1,x<0 Isz.1|:xn1x2 £:|
dx dx o| 2 "
d|x]
4 — 1 n+l n+l
1 dx I:n'[(x + X ]dx
A n
» X xn+2 xn+2 1
=n +
1 {2(n+2) n(n+2)l
© Copyright et Office : A/LL4-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 www.gateacademy.co.in

Branch Office : Raipur e : 79743-90037, Bhopal e : 83198-88401

www. Elacebook.com/gateacademy




GATE ACADEMY ®

Integral & Differential Calculus 3.63

B 1n+2 1n+2
I=n +

| 2(n+2) n(n+2)}
[=p|F2 |1

| 2n(n+2) | 2

Hence, the correct option is (C).
o
Given: xy=c ..(1)
Differentiating equation (i),

xdy+ydx=0

m=P_y

dx x
{where, m, =slope of curve xy =c }

From option (D) :

Y -x’=c ...(11)
Differentiating equation (ii),
2ydy—2xdx=0
m =P _%
dx vy

{where, m, =slope the curve y> —x* =¢,}
For the curves to be orthogonal,

m, -m, =—1
(_Zj.(fj =1
XJ\Y
—1=-1
Hence the correct option is (D).
S (O

Refer Solution 3.18 [Mechanical]

El o

Given : A function y(x)

Checking from options,
From option (A) :
_x+b

a
dy 1

dx a
Hence, option (A) is incorrect.

From option (B) :

y=ax+b

dy

E =da
Hence, option (B) is incorrect.
From option (C) :

Nxt+b

a

dy 1 1x2x X
— ==X =

dx a 2\xX’+b ax +b
y__x

dx a(ay)
Hence, option (C) is incorrect.
From option (D) :

y=+ax*+b ...(1)
Differentiating equation (i) with respect to x,

dy 1 ax

—=———lax =————

dx  2\ax* +b Nax’ +b

& _=

dx y

Hence, the correct option is (D).
BN ©
Given: I[=d’ I " xe “dx ,

0

Let —ax=t=dt=—adx

When x=0,7=0 and x=oco, t=—00

Therefore, I = aZI;w(i] e At

a —da
1=j0 te dr =[e' (t—1)];" =1

Hence, the correct option is (C).

3.10 M)

© Copyright

Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 ~www.gateacademy.co.in

Branch Office : Raipur e : 79743-90037, Bhopal o : 83198-88401

www. Eiacebook.com/gateacademy




3.64 | Engineering Mathematics GATE ACADEMY ©
dx e " By the property of definite integral,
I :J- . :J. s dx .
e — I-e 0 ; 1f f(x)=odd

Let l-e " =t
Differentiating on both sides,
e ‘dx=dt

1=j1dt:1n(z)+c
t

I=In(l1-¢")+C
Hence, the correct option is (D).

3.11 B¥j
Given : A function f(x)

Since, there are 3 zero cross points between
0<x<6

Therefore, number of positive roots of the
function f(x)is 3.
150 +

120 1

90 T

First zero

CrosSIg  Third zero

60 +

S(x) 304+ crossing
0 H——t—> X
g8 10
30+
_60 L Second zero
crossing

Hence, the number of positive roots of the
function f(x)is 3.

Production & Industrial : Pl

@

/2
Given : / =j X cOS xdx
—n/2
f(x)=xcosx
f(=x)=—-xcosx

f(=x)==71(x)
Therefore, f(x) is an odd function.

J Lo = 2 fx)dx if f(x)=even

/2
1= 2xcosxabc=0

-7/

Hence, the correct option is (A).
3.2 W
Given: f(x,y)=xy

Total derivative is given by,

of of
df =2-dx+=d
y ox x+ay 4

ox ay
df =ydx+xdy
Hence, the correct option is (A).

©

Refer Solution 3.6 [Electronics]

El o

Given : f(x)=sinx| ...(Q)

. —sinx x<0
sinx =

sinx x>0

Differentiating equation (i) with respect to x,

Hence, i sin |x|
X |x=—n/4
d )
=—/(—sinx) =—cos(—m/4)
dx x=—m/4
-1
=—cos(n/4)=—

NG

Hence, the correct option is (C).
S (A)

Refer Solution 3.7 [Mechanical]
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3.65

Bl ©

Given: [ = j IEJ} In (x) dx
Let In(x)=u,

So, labczdu = dx=xdu
X

dx=¢e"du
At, x=1 = u=0

x=¢ = u=1

[Since, u =1n(x)]

1
So, 1= IO "> ue' du
U s
I=J.0ue du

I — l:gue3u/2 _ie3u/2 :ll
3 9 |,

12263/2_fe3/2+i

3 9 9
I=Ee3/2+i
9 9

2 4
So, I= —\/e—3 +—
9 9
Hence, the correct option is (C).
(9]
Given : [ = Imefz’dt
0
=2t ]
=% :{0+1}=F}=o.5
-2 |, 2 2

Therefore, integral converges to 0.5.

Hence, the correct option is (C).

El ©

Integral & Differential Calculus
I .T J-dx dy
11X

Firstly, integrating wrt x,

= [~ dv
1Y

=(Inx), ]1

Now, integrating wrt y,

=[Inb—In(1)](In y)" .+ In(1) = 0)

=Inb [Ina—In(1)]
=Inb-lna

Hence, the correct option is (D).

X/
°

o
5
o

%
X3

o
B
A5

b dxdy
Given : Integral / = j I
ab
dx d
1=[[=>
11 xy
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